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requirements engineering procedures. The requirements engineering procedures
are described in the form of a procedura l flow with accompanying guidelines
and standards for performing fourteen requirements engineering activities .
Each requirements engineering activity is supplemented by a description of
the specific issues to be addressed during the first two phases of the Air
Force acquisition life cycle the Conceptu.al *nd Validation Phases.
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PREFACE

This report is one of three volutri es prepared to assist government and
contractor personne l in manag ing and perf orming system requirements C

defin ition and ana lys is: requireiltents eng i neering. The prima ry results of
th i s study has been the definition of gu ide li nes and standards for
requirements eng i neering (Requirements Eng i neering Guidebook ) and the
ident i fi cat ion of autontated aids to support the applicati on of the
guidel ines and standards during the ini tial phases of the Air Force system
acquisit ion life cycle - the Conceptual and Validat ion Phases.

This study reflects Logicon ’ s experience with an automated requirements
engineering tool applied in support of the acquistion of a large Air Force
surve illance system. The Requirements Engineering Guidebook reflects the
needs of an Air F orce Systetn Program Office acquisition environment ,
however , the basic reqti i renients engineering princi p les and gu i dance are
easily adapted to other acquisition environments.

This report was prepared ‘by Log icon tor the Air Force Systems Command
(AFSC), Rome Air 1)evelopntent Center (RAUC), Sof twa re Ln gi nee ri ng Sec ti on.
Administrative review and technical coordination of this report have been
accom plished for RADC by Mr. Michael Landes (project officer).

Review of this report was accomp lished at RADC , by Electron ic Sys tems
D ivision (AFSC/LSD ) personnel at Flansconi , AFB , and by Log icon personnel.
Specia l thanks to the many reviewers and for the patience and skills of Ms.
Marc ia Brehnt and Ms. Deborah Queen for the technica l typ ing , proofing , and
revisions.
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SECTION 1 INTRODUC T ION

1.1 Purpose

The Requirements Eng ineering Guidebook provides guidance and standards for
government and private engineering personnel in defining and analyzing the

requirement s for a system. This guidebook addresses the initial phases of
Air Force system acquisition (Conceptual and Val idat ion Phases) and is
intended to provide guidance for the acquisition of large-scale systems.

However , the guidance can be applied to smal ler , less comp lex systems and
can be used in acquisition env ironment s other than the Air Force. This

document contains the guidelines and standards for requirements engineering
and documentation and provides the framework for tailoring the requirements

engineering activities to the specific needs of individual programs.

1.2 Scope

Th is guidebook supp l emen ts the engin eering requirements and guidance

provided by AFR 800-3, MIL-STD-499A, MIL-STD-490, and MIL-STD-483 (USAF).

1.2.1 Program Office Requiremen ts Eng i neering

This document prov ides guidel i nes and standards for Air Force program

off ices in the followi ng areas:

• Performing requirements eng i neering activities and produc i ng C

system documentation in conjunction with preparation of
solic itation documents.

• Contracting for the performance of the preceding activities
by support contractors.

• Contracting for requirements engineering during the
subsequent phases after contract award by the prime
contractor or subcontractors.



• establishing the criteria for evaluating requirements
engineering progress and products.

1.2.2 Contractor Requirements Eng i neering

This document provides information to government contractors in the
followi ng areas:

• Performing requirements engineering activi t ies and producing
system requirements documentation.

i:i
• Establishing the criteria for evaluating requirements •

engineering progress and products.

• A means of establi shing an engineering effort and a System
Engineering Management Plan (SEMP)

1.3 Definitions

1.3.1 System

A composite of items , assemb lies (or sets), skills , and techniques capable
of performing and/or supporting an operational (or non-operational) role.
A complete system includes related faci l i t ies , items , material , services ,
and personnel required for its operation to the degree that it can be
considered a se l f -suf f ic ient  Item in It s Intended operat 1ona ’~ (or
non-operational ) and/or support environment. (AFR 65-3)

1.3.2 Requ i rements Engineering

Requirements Engineering is an iterative process of defining the system
requ i rements and analyzing the i ntegrity of the requirements. Thi s process
involves all areas of system development preceding the actual design of the
sy stem. The products of the requirements engineering process can be
evaluated for completeness , consistency , testability , and traceability.
The essential goal of requirements engineering is to thoroughl y evaluate
the needs which the system must satisfy .

1.3.3 Quality Requirements

The term ‘quality requirements ’ is used throughout thi s guidebook to
denote system requirements which are complete , consi stent, testable , and
traceable. This characteri stic is the result of the requirements being
discretel y identified and well-orgainzed as discussed in the sections to
fol l ow.

2
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1.3.4 Other 2~ t ’ n’’~ ons

L r  de t ’ n~ t ‘ons ot othe r terms ~sed ‘n thi s gu idebook , see A rpend~x 1.

1.4 ~ o I 1 le r t t .S

~ Ie reIna~ nder of th ’ s yu ’ debook  c o n s l s t .s of three sec t i ons  and one
a~~-cnd ’x , dS follows :

• Sect~o n 2 - f t u a 1 ’ t y  Regu~ reittents Characteristics.

Pro vi des a d es cr~~p t i on of the two requ ~~r em en t .scha r ac t er i st i cs: discrete and well organized. Thi s
d ’scuss ion ‘s followed by a descr i pt ion of three forms of
well -or yan~zed requ irements: hi erarch i cal structures , systen~flows , and requirements traceability.

• Sect ion 3 -  System Requi~~ment Types .
P rov ides a conc ’se defin i t i o n  of the two sets of
requ ’ren tents: the functi onal require m ents set and the
consrra’nt requ~reinents set. The funct i onal requ i rements
set (functions) are defined and the five constraint
requ i rements types (performance , physical , operability , test.
dnd des’gn) are examined and exp lained through examp le.

• Se o n 4 -~~~ j~irements Eng ineering Procedures.
Prov’des the procedural framework for defining and anal yz ny
the system requirements. The procedures consist of fourteen
activities which are exp lained in the general context of the
require tit ents eng ineerin g act iv ities which occur. Each
act i vity is followed by an exp lanati on oriented toward
the Conceptual and Va lidat !on Phase i ss ues.

• ~~pend ’x~ \ - Glossar~y.
Provides definit i ons of the major terms used in A ir Force
System acqu is~ t~ ons and concludes w it h a list of acronyms
and abbreviations. 

~~~~~~~~~~~~~~~~~~~~ 
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2 ~c AL I T Y  REQUIRE MENTS CHARACT ERISTICS

In t roduct i on

ty requ rernents are ue~iendent upon the ana l yst first ident if y ing the
d~screte requ ’reruents of the systeiit and then organizing these requirements

~n etfec t ’ve ways for further ana l ysis. Initial documentati on for
‘de nt ’fy’riIj user system requ i rements may inc l ude earl y p lanning documents
ant: spec’f~cation s for s iii i lar systems, for system Interfaces , and for
ex ist in g or prev i ousl y defined subsystems . In addition , doc~mentation

derived front engineering studies and prototyping or experimenta l test

systems may be ava i lable. If the eng i neering activities have advanced
beyond the p lanning and study stage , specification documents such as Type A
and Type B spec i ficat ion s 1 may have already been developed . These earl y
requirements documents usuall y have one pr eva iling characteristic: the
system requ irements are not typ ically distingui shed (discrete) or
col l ect ivel y defined (well-organized).

2. 2 Di screte _ Requ irements

Figure 1 illustrat es the first characteristic of qualit y requirements:
di screteness. The key to identifying discrete requirements is to break the
source documentat ion into ind ividual parts which represent non-overlapping
requirements. Requ irements should then be categorized as functions the
system must accomp lish or system constraints (performance , phys ical ,
operab i l i t y, test and design ). At this po int missing or incomp le te

1 in A i r Force system acqu istition s the functional specification is the
systei ,~ egment. specification (Type A , MIL-STD-483 (USAF), Appendix III )
and the development specifications are Type B specifications. The
Co~~uter Program Configuration Item Specification (Type B5, MIL-STD-483
(USAF) ,  A ppendix V I ) is the primary development specification addressed
in this guidebook .
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requ i reinent s c a n  be more readi l y ident I fled. Th i s I temi :at Ion and
cat eqor I za t on of requ irement s int roduces c la r i ty , whereas the source
docu mentat. ion may he overstated , ambiguous , redundant. • incom p lete • and
t ucons st~ nt . Th is process of I teini :at ion also prov Ides the basis for

~~~s p ~ t fyI t ig t In’ quai i  t of the requ I rt’nient. c and for assessing the abi 11 t.y t ~
e st the requ I remen t s in t he t a rqet sy st. em.

~~~~~ :at ion of Requ irement s

1 he seco nd c ha rac I or 1 st I ~
‘ of a qood st j  te ment of requ I rement s I s the

ar ra  nyement . of I he requ I rt’iiIen t s iii of fect I ye way s for add it I ona I anal ys is
and for  c oiiunun t at nq these rt ’qu retnents t o  the using agency and to design
t ’ttq iteers . the ~dent i t t  cat on of dl scret e requi renwnt S ~~~~~~ Ides S~~I~
awareness of otn s ~1ns and qaps lit the requ I renient s. I hi s awa reness I s
turt he’ r he’ qht t’ned t ’y  orqan’ :t nq the requl “t~t1ents in way s wh ich Identi fy
a ll the rel at t onsh ~‘s a itt onq the d isc re te  rt’qu I rement s (I I gure I ) . these
re lat  b ush ‘ p s are of t hi- t’e t~ pes :  logica l  organi z5a t lonal relat ionshi ps .
sy s t out f l o w  r& ’l at onsht ps . and i’Cqti I reinent.s traceahl ‘ii t~ - rt’l at gush ip s .

I he t oll ow ! nq paraqraphs d~ scuss these rel at I on sh i ps.

~
‘
. 3. 1 1 o~ ‘ t a  I ~) :at to na l  Rt’l ~j t , ~ons h Ips

Loq ’c a l  orqan ’ :at ‘ort ,, l rt’l at ‘otisli t ps are shown by st ruct urint~ the di scret i’
fu n c  t t o t i ’~ and the ntontt at on requ rt’nient s (ext e,’nal and internal Input /
Out put ) ot Pu’ t em ‘ of o Pit era rc Pt I cal st. ruct ures . 1 he concept of a
tunct on~t I h ‘ ~‘ rav -~- h’~ a l st ruct nrc (I iqure ,‘ )  was I nt .roduct’d into nil l i t  ary

‘, ‘~ ~ t i’ r i ts di’’. ~ I op nett I t hrouqh i i  it  I a I syst e’nis t’nq I neer I nq pract ices dating
back o t hi’ I ‘140 s. I P i t  s c onc opt has h~en ma I nt. a nt’d in military syst ems
dt ’v c I opItIt ’fl t and d~~t ument at on t. hrouqhout . the 1 ~~0 s and Is an tnt egra 1 part.

of the current m’ hi ar~ sta ndards toi ’ ~y st em docunx’r~tat  ion . I.e.. MU —S TO—
4 ’k) .inti M~L -~ l1 )— -l~ 3 (IISAP ) . Ih i s forti t of organi :at Ion prov ides a v t e w
of t hi’ s~ st  t’,ti a’~ an aqqrt’qat e ot t u n c  t ions hr~ke n I itt o a log i c a l
arr anqonienf of stj t ’ ord that t’ d iscrete  act lv i ties which must he perfonrieti.
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Over the course of requirements engineering many missing or Incomplete
functions can be directl y i dentified from the functional hierarchical
structure .

The discrete system inputs , ou tputs (external I/O ) and the internal
information requirements necessary for the system ’s operat i on can be
log i call y structured in the sante manner as the functional hierarchy. The

emphasis again is the arrangement of the information requirements into

structures by breaking the information into logical subordinate parts or
simp ly as group ings (Figure 3). A well-organized st ructure is effective in
conii~un icat ing the information requirement s and for identifying incom plete
or missing information requirements.

2.3.2 ~y~tem Flow Relat ion ships

System flow relat ionsh ips can be shown by org anizing the discrete
requirement s in terms of contro l flow (Figure 4) and i nformation flow
(F igure 5). As the functions of the system are defined , the con trol
relationships between them are identified. These control relationshi ps

— describe the lo gical order in which the system activities should be

accomp lished to satisf y the system mission and operational requirements.
Conditions wh ’ch determine the flow direction when two or more branches

occur are also represented. Control-flow anal ysis provides a means of

viewing the system from an activity-oriented perspective and is often

referred to as functional -flow analysis. As a result of this anal ysis the
• requ irem ents are viewed in a well-organized manner and missing or

incout p let.e functions and relationships between the functions are

i dent ified. thai control -flow documentation becomes another effective

means for communicating system requirements to imp l ementing engineers.

On the other hand , the information flow analysis (Figure 5) buIlds upon the
• I /O hierarchical structure (Figure 3) by providing a means of viewing the

system as an information processing system. During this analysis the flow

relationships between external system inputs and resulting outputs are

8
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identified. Quite often the most effective means of perform ing
information -flow anal ysis is to trace an output back to system inputs ,
either external data , messages , or stimuli. As a result of this analysis
the relationshi ps between the associated functions and the internal
information necessary to support the derivation of the output are

identified.

Control-flow and information -flow anal ysis will identify necessary changes

and additions to previousl y defined functions and constraints as well as to

the hierarch y structures and other previousl y defined relationshi ps.

Missing or incomple te requirements can be determined and the deficiencies

corrected.

Requirements engineering for systems which are primaril y activity oriented ,

such as conuiand and control systems, will be concentrated on control-flow
anal ysis as opposed to information -flow analysis. Other systems such as
commun ications and management information systems , may be primaril y
information processing oriented. In these systems the requirements

eng i neering activities may concentrate on information—flow anal ysis rather

than control-flow anal ys i s.

2.3.3 R equ i rements Traceability Relationships

Identif ication of system traceabil ity relationships is another effective

means of identifying incom p lete , unnecessary and missing requirements.

Dur ing the requirements eng ineer ing activities, source documents are

referenced for each requirement identified. Requirements traceability

anal ysis provides the anal yst with a means of verifying the requirements

by link ing each requirement to all form s of source documentation. These

lin ks , in the form of source references , provide a trace between the

requirements from one set of system requirements documentation to the

alloca ted requirements contained in the next l evel of specification; e.g.,

(Type A to Type B). This form of ana l ysis ai ds in validating the

requ i rements. Rel ationships can also be defined to other perti nent

12
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studies , anal yses , and plans wh ich are being accomplished concurrently with

the requ irements engineering activ i ties , such as program management

d irectives and plans , systeitt siz i ng and tinting studies , prototyping,

si mulations , test p1~ nn i n y , a n d  the l i ke. System test requirem ents

(quality assurance), as well as subsequent test plans , procedures , and
reports , can be effectively related to the system functiona l-perfor ittance

requirements. The l inks to associated system p lans , anal yses , and studies

accomp lished p rior to , during and subsequent to the start of foritial

requirements eng i neering are crucial tc the overall systems engineering
concept. rhe traceability relationships also provid e a bridge between
requirements engineering activiti es and subsequent imp l ementing

eng i neering, since the requirements can be traced front Type A to Type B5

specifications (dnd other specifications) and system test plans and

procedures during the later phases of the system acquisition.

Throughout the requirements engineering activ ities , the analyst must be

able to evaluate the impact of changes to the requ i rements. Whatever the

reason (policy , economics , s tudy or anal ys i s resul ts , engi neer i ng change
p ro posa ls , etc.), the analyst must be in a position to determine the

ramifications of changes to the systetit requireiiients. Once the area of

impact is identified in the requirements engineering products (functional

and I/O hierarchies , control and information-flows , etc.) the traceability

relationships provide the capability to readily identify associated impacts H
to the system and to trace the impa cts to all other associated

documentation: program directiv es , p lans , studi es and anal yses , test p lans ,

associated systent specifications (Type A , Type B , etc.) and the like. The

impact can be readily anal yzed and the appropriate act i ons taken.

2.4 Summary

D iscrete and well -organized requirements support the primary goal of

defining the operational mission needs of the using activity while giving

the analyst visibility and control over the system definition process.

Disc rete and well-organized requirements are prerequisites for the creation

of good Type A and B s pec i f i ca ti ons .

13
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SECTION 3 SYSTEM REQUIREMENT TYPES

3.1 Intro ducti cn

The system requirement types are functional requirements , performance

requirements , physical requirements , operability requirements , test

requ i rements , and design requ i rements. In developing requirements or

i dentifying system requir ements from requirements documents , any
combination of these requ i rements types may exist . Understanding the six

requ i rement types and their use contributes signific antly toward achieving

quality requirements definitions. System requirements fall i nto two sets:

the functional requirements and the constraint requirements (Table 1).

3.2 Funct~~~~
l R

~auirement s Set

The functional requirements set is the backbone of the system requirements

engineering process. It is within this set of requirements that the

pure design-free or ~olut~~n independent needs are declared. Simp ly

stated , the functional requirements represent the total discrete system

activities required to achieve a specific objective; this is most often

referred to as the mission objective. A functional requirement identifie s
wha t mus t be accom plished without identifying any aspect concerning the

means such as hardware , compu ter programs , personnel , fac ilities , or

procedural data. The functional requirements represent a problem statement

devoid of any overtone or specifics regarding real or conceptual solutions

which satisfy any or part of the needed functions’. Some examples of

Func tions take on different meanings within three types of system
documentation as required by MIL-STD-49O and MIL-STD-483 (USAF). Type A
specification functions are defined for the system as a whole as defined
above. Type 85 specifications define the CPC I functions to include
the inputs , processing , and outputs. The Computer Program Components
(CPCs) of the Type CS specification may correspond to the functions in
the Type 65 specification if the B5 requirements satisfy the computer
program developer ’s design approach. For the purpose of requirements
engineering, func tions are defined to be the same as Type A
s p ec i f ication functions . In documenting functions in Type B5
specifications , the associated input s and outputs are included.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ - 
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Table 1. System Requirement Types

The set of discrete functions which
FUNCTIONAL identify the pure desi gn free or
REQUIREMENTS solution independent needs of the system

as a whole. The functional requirements
(functions) identify what must be accomplished while

avoiding soli~ ion statements or overtones.

How well the system
PERFORMANCE functions must be

acconiplished ,such as
timeliness and accuracy.
Al so called performance
charac ter i sti cs ,
MIL-STD-490.

Infl uences the des ig n
solution in a physical 1 —

PHYSICAL manner: power , s i ze ,
weight , env ironment,
human factors , existing
system interfaces , GFP ,
etc. Also called
Physical Characteris-

SYSTEM ti cs , MIL-STD-490.
REQUIREMENTS

Reliability , ma i ntain—
CONSTRAINT OPERABILITY ability , availability ,

REQUIREMENTS dependability .

(Constraints ) L
Identify the functional ,
performance , phys ical ,

TEST operab ility , and
design requirements
which will be evaluated
during system integra-
tion and test.

The min imum or essen-
tial design and
construction require-
rnents which are a
constraint on the
functional require-

DESIGN ments of the system
during the design and
construction of the
system end-items
(CIs/ CPCIs). Also
calle d Desi gn and
Construction , MIL-STD-

______________ _________________ 
490 .
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d~ scre te top-level funct i ons for an electronic system m i ght be

surve i llance , track ing, identificat i on , interceptor control , and

Communicat ion.

The functional requirements are the most difficult requirements to

‘dentify . The problem s arlse partly from a lack of understanding of the

requ i rement types. Without guidance , requ i rements engineers (government

and contr actor) work w ’thout a well defined and consistent set of

terminology and engineering techni ques for requirements engineering. The

lack of requirements engineering terminolo gy and standards allows even the

best-inte nt’oned anal yst to digress fron t the need ” category to “how to ”

or solution-oriented requ i reitterit definit i ons. T hi s is a natural tendency
espec iall y for any design -oriented eng ineer , such as a software eng i neer.

As soon as a need is ident ified ati i niiiediate and ittore predominate solution

res ponse i~~ qu ite nat - r a l .  Preconce ived idea s from past engineering

experi ence or operationa l expe ’’ence w ’th ex i st~nq systems naturall y come
to m ind . The results are “system requirements ’ (lunctions and constraints )

which are semanticall y riddled with solution overtones or specific design

det a ils without conscious real i zati on or justificat ion. The thought

process simp l y shifts to a solution oriented position almost at the point

of conceptual thought .

An examp le of a Solut ion oriented statement is “ ...the pressure ,

temperature , and humidity (PTH) data sha ll be recorded on magnetic tape

every ten (10) seconds... ” In this examp le the bas i c func ti on i s a
recording 01 PT H data , but the solution oriented feature is that the data

w~l l be recorded on magnet ic tape.

3. 3 co~straint Re~ujre~ent s Set

The second set of requirements i5 the constra i nt set which consists of five

requ i rement types: performance , physical , operability , test , and desi gn
(Table 1). The constraint set modifies the functional requirements set.

— 
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Without the constra int set , a solution for the system functional

requirements could not be achieved. Since onl y need i s expressed in a

functional requ i rements se t , any number of solut ions may be possible. In

order to realize a solution , the problem identif ied in the functional

requirements set must be constrained. However , excessive or unrealistic

constraints , can el i minate all sol utions or increase the technical risks

and cost of the solution. Therefore , identification of the constraint

requirements must be achieved with care. Whenever specific constraint s are
ident ified , there must be sufficient justification , such as an engineering
anal ysis , which clearl y shows that the constra i nt is reasonable , necessa ry,
and practicab le , an d represents an actual requirement an~ not just a

desirable feature. The five constraint requirement types are discussed in
the followi ng paragraphs.

3.3.1 Performance Requirements

Performance requirements ident i fy “how well ” the functions of the system

must be accomplished. These requirements are the essential quantifiable

statistical parameters upon wh i ch the successful accom plishment of system

functions can be evaluated , suc h as timeliness and accuracy. The timing

performance constra i nts include computational -solving times , coun tdown or
event timing, and timing allocations as established through engineering

ana lysis. An example of the performance constraints is “all disp lays shall
be updated with in 3.0 seconds after the input... ”

3.3.2 Physical Requirements

Physical requirements constrain or significantl y influence the design

solution in a physical manner. The physical constraints include power,
phy sical features (size and weight), env ironmenta l consider ations

(control l ed or natural), human performance capabilities and limitations

(human factors), predetermined internal and external system interfacing ,

use of existing equipment (off-the-shelf) and Government Furnished Property
(Gy P), and use of standard parts.

17
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Power at a rentote site may have to be supp lied by generator or be received
from util it i es adjacent to the system site. If the system is airborne the

power nay be received from the airc raft. The power considerat ions may be
predeterm ined by the situation and , therefore , constrain the solution

poss ’b ’lities. A gain , the size and wei ght of equi pment to be considered as
part of the configu r ation may have to be quantitativel y stated. For

in st ance , a systet ii which i s to be installed in an existing facility ,

a ircraft or launch vehicle would require specif i c weight ari d size

requirements to be ident ified. Mounting location and conditions may also

have to be identified. Weight and size are also important to future growth

and transpo rtability of the system components as well as installation and

tia i ntenance.

Env i ronmental aspects are also cr itical physical requirements. Ranges

of atmospher ic pressure , tentperature , and humidity (PTH) may have to be

specif i ed both i n t.erti s of the operational conditions of the system as well

as non-ope rat’onal conditions such as transport i ng the system or any of

its parts which are sens itive to PTH and shock. Additiona l facility

environmental requirements are ill umina tion and noise levels , w i nd and snow
and others. Human performance is identified where the design of the

system shou ld be significantl y inf luence ’~ by the limitations or

capabilities of personnel involved with the system. Human performance

requirements concern the tasks to be performed by the personnel , the time

requ i red to accomp li sh a task , the number of persons involved , the

sustenance or life support requirements related to the tasks , training

requiremen .s , and train i ng equi pment ~r aids.

Other phys i cal constraints concern predeterm i ned interfacing with existing

external or internal system components. For instance the system may be

interfaced with existing coninunication systems such as AUTOD IN or AUTOVON.

Again the systent may transmi t or receive electromagnetic signals from other

el ectronic devices. The system might have to i nterface with navigationa l

systems. internal interfaces are more limited in the initial requirements

18
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definition process , because their id entification lends itself to the
definition of the confi guration items of the proposed system. However , in
some proposed systems it is known very earl y that a particular piece of
equi pment ntust be included in the configuration and fornts d part of the
internal system interfaces. An exaitiple of this is deci phering equipment
which the proposed system ittay use in order to communicate with an external
system where classified information is received or transmitted .

The last two physical requirements are off-the-shelf/GFP equipment and the
use of standard parts. In some systems existing equi pment such as the
deciphering equi pment mentioned pr eviousl y may be provided to the
contractor for inclusion in the proposed desi gn. 0ff-the-shelf equi pment
or GFP may be stressed to decrease risk s and cost. Requirements to use L
standardized parts is a logistical consideration which has si gnificant
bearing on the design process. Parts control is app lied more universall y
during the design definition process to control the selection of parts for L

inter— and intra- system equi pment development. Parts contro l is more
eas i ly thought of as a program which the contractor must imp l ement as part
of his design process.

3.3.3 Operability Requir ements

Operability requirements incl ude system availability and dependability.
Availability incorporates the aspects of reliability and maintainabi lity ,
dependability incorporates the aspects of survivability and vulnerability
(Sly ) and external electromagnetic i nterference. Again these requirement
types modify the functi onal requirements and constrain the problem . Each
of these operability requir ements categories is influ enced by desi gn
related issues , policy related intpact , or non—controllable factors.

Air Force Regulation 80-S defines reliability as the probability that a
part , component , subassem bl y, assembl y, subsystem or system will perform
for a specified interval under stated conditions with no malf unction or
degradation that requires corrective maintenance actions. Maintainability
is c losel y related and inseparable from reliability and is defined to be a
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cha racter ist ic of the design and Insta l lat ion expressed as the probability
that an item wi ll be restored to a specified condition within a given
period of t ime when the ma intenance Is performed using prescribed
procedures and resources. Hardware reli ability Is usual l y expressed In
terms of Mean T ime Between Failure (MTBF) or Mean Time Between Maintenance
Action (MTBM). Hardware maintainability Is ex pressed In terms of Mean Time
to Repair (MTTR). The relationsh ip between reliabi lity and maintainability
is termed the availability of the system , thi s Is usua l ly expressed as a
ratio between MTBF and MTTR . Rel iabi l i ty  Is not considered by many to be
an appropr i,~te term when app lied to system computer programs, since certain
softwa re fa i lures can be attributed to design deficiencies which cannot be s
adequatel y predicted and tested.

Dependab i lity addr esses the issues of system survivability and
vulnerabil ity (Sly), and external interference. Survivabi l i ty ‘Is the
abi l i ty ot the syste m to achieve it _ s miss ion under the condition s of a
man-made hostile environment. In add ition , the systent may be required to
operate under the conditions of interference from external electromagnetic

sources (Electromagnetic Compatib il ity - LMC ) a s  w e l l  as opera te  under

threat of possible el ectroni c countermeasures (1CM) such as spoof ing
and ,j anutt i nq .

Therefore , oper ability reflects many constraints upon the functional

requirements set. The ava i l ab i l i t y  ( re l lab i l f t .y/ malnta lnabillty require-
ments), and dependability requirements (S/V. EMC , [CM) reflect operational
issues. These operab~lity requir ements are ident i f ied earl y in the
requirements anal ysis activities and are expressed in the various planning

documents and ~tre ref lected in speci f icat ion documents for the system.

3,3.4 test Requirements

Test  requirements im pact the des ign process and the resul t ing system
configuration. The test requirements have been sing led out from the other
constra int requirements In this guidebook to emphasize the Importance of
the testab ility of the system requirements. The test and evaluation

_________________ —.~~~~~~~ _~~- 
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req ul remnent s are usuall y spec it 1 c to each a cqui sition ,ind wi 11 be 1 nit a 1 ly

identified at a h igh system 1 evel in early requ 1 reinent s document at ton.

I ii ord er to t est c ert a l i t syst em requ 1 reittent s • ~i un 1 quo t est it tu s t N’

is so~ 1 at ed with t he appropriate end— it em wh 1 C h t ncorpo rat es requ i rotttont s

o be t t’ st ed . F or t hoSe requ i rome itt s wh 1 C h ,i re i nhoren I t ii ,i co i l t’c t ion o

end — i t ens , the t ~~ t of .i requ 1 rement will be’ acco itipl t shed dur 1 nq sv ’ ,t em
e st i ny. ~ r it 1 cal system rt’qu 1 rem ent s s ho il d be •t 1 1 oca t ed t 0 Ufl  1 qut ’

end— i tents , as it uch a poss 1 He to i titprovo t lie requ i ronti’nt s t t’st~~hi 1 1 v

sect ion 1 (Ml iP — -l ’ ) t ) / 4 ~3 lype A ,t nd B Spec it 1 ca t  t o t i s  , Qu,t l i1 ~ Ass urance :1

P roy 1 s to it s  ) i dent 1 t it’ s the spec 1 t i c  requ I roi tte ri t s to r t o rita I t es I and

ver it t cat ion of the syst cit (Type A) ,irid subsequent ly t t s end— it ettts ( 1 ,~ pe

B) . These t i ’s t and vor 1 t i cat i on requ 1 rentetit s t dent i t ‘, w h a t  s ei. ii t c

sys tent requ I reme itt s o f Sect 1 on ~ of t ho spec i t t  cat i on ittu st he sat i s I t ed

Test  requ i r e m en t  s , the re fo re  • 1 dent i t the f unc t tonal . pet  I o riuaiic

physical , system— ct fect I veness , and design roq u i reittent s wti 1 ch wi 11 hi’

eval uated dur ing s steii t inte gration and test

3.3.5 1)es i ~n R e  4 1 rontertt s

The las t  t ortit of rou st ra i it t s are I ho di’s i qn requ 1 re iton t . I hose

requ 1 rement s represent the mi i t t  nnitit or os sent t a I des i in and coits t ruc t ton

requ I rement s wh I cli are not add ri’s sod by t he tour prey i on si do sc r i bed

const ra i nt roqu I reiuent I y pes : the pert otinanci ’ , ph~ s ic al , operab 1 i i i  •~ and
test  requ 1 re toit I s . Like t he of Pier c oiis t. ra tn t reqti t reitte nt s , t hose

requ I rcment s rest ra in I ho tunct I ona 1 requ i rciitent s of t he s~ sIt ’! diir 1 itq I ho
des i gri and Construct on of I he sv s t . t’tn end — i t ems (~ i s  and ~i’ i I s ) . ~uri nq

he i n i t  I al phases of syst ems reqiti renient,s ‘ t t & I  1 iie eritt i It 0i1 ((’i ’f Li,t 1 and

V al id a t ion Phases), cer t  a in di’s i qn and cons l r id ion st and ards ma y be

spec if ted d i rec t l y or by ref erence t ci ot Iter spec t f t  cat t o rt s or st andards —
Accord t rig to Ml I. — Si P • t he des 1 ~i ii requ 1 reitterit s i it t 1 utlo appropr 1 ate

des igri standards , requirements qovorn t m~ t lie u se or sol oct i on of materials ,

par ts and process I ny , i nterchangeab i I t I v requ t rentont s • s,r tot y requirement s

and t he like. As the system (level opntent cont 1 nues , enqi noon itq ariai v s is

t I  
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and trade study results (as well as other engineering activiti es such as
prototyp ing and simulations) may indicate the need for addition al design
constraints which are practicable and necessary for the system ’ s operation
and maintenance (O&M). An examp le of the O&M design constraint is the
specif ication of computer programing requirements for software end- Items
(CPCIs): during the Conceptual Phase these design requ i rements are defined
for the system as a whole and govern the desi gn and construction of system
functions which are implemented in software (MIL-STD-483 , Ap pendix III).
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SECTION 4 REQUIREMENTS ENGINEERING PROCEDURES

4. 1 Introduction

Requirements engineering is an uuiterat ive~ process of defining the system
requirements and anal yzing the integrity of the requirements for complete-

ness , cons istency , testability , and traceabi lity. As the process conti res

the system requirements are def i ned an d anal yzed in a progressivel y

expanding manner. The definition and anal ysis activities will move from

one area of concentration to another as the results of previous activities

reveal areas needing additional work. No singular approach can be rig idl y

defined and app lied which can take into account the many possibilities

which must be considered . However , guidelines for requirements engineering
an d associated tasks can be def ined and then ta i lo red for spec i f i c
requirements engineering app lications. This section presents a general

framework for requirements engineering as illustrated in Figure 6. Each
block rep resents a uni que requirements engineering activity which shall be

accomplished in defining and anal yzing system requirements. There is a

continual interaction between the act iv i t ies of each block , and although H
each bloc k appears as a s ingle act ivi ty , it is in fact part of a continuum.
The selection of an actual approach for a given application is one of the
tasks (BLOCK 2).

The activities identified in Figure 6 may be organized into five general

steps. In step 1 (BLOCKS 1-2 ) pertinent source documentation is identified
and reviewed. The anal ys i s team develo ps a requirements engineering plan

wh ich identifies the resources required and the specific approach to be

taken in perfornting the remaining requirements engineering tasks (BLOCKS

3-14). Step 2 invol ves identify ing and organizing the activity structure

(BLOCKS 3-5) and information structure(s) of the system (BLOCKS 6-8). The
requ i rements engineering tasks associated with BLOCKS 3-5 are concentrated

on anal yz ing  the system source documentation in terms of activities

performed by the system. If the system is primaril y activity oriented ,

such as a command and contro l system , the anal ysis activities may be

concentrated on the tasks identified in BLOCKS 3-5. If on the other hand ,
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the system is primaril y i nforma ti on o ri en ted , as i n the cas e of a
commun ications system or an automated data processing system (ADP)
app lication such as a management information system , the analysis activities
may be concentrated on the tasks associated with BLOCKS 6-8. The activities
assoc iated with BLOCKS 3-5 and BLOCKS 6-8 are generall y done concurrently.
Dur ing step 3 the flow of contro l between system functions (BLOCK 9) and the
flow of information into , within , and out of the system (BLOCK 10) can be
defined and anal yzed . Step 4 i nvolves anal yzing the system requirements for
testability (BLOCK 11) and preparing required specification documents (BLOCK
12). Step 5 consist s of two activities which are continuousl y perfo rmed i n +

conjunction w i th  the a c t i v i t ie s  of BLOCKS 3- 1 2. Source document ation

references shall be maintained for each requirem ent identified and
traceability anal ysis shall be performed (BLOCK 13). Various consistency

and completeness checks (BLOCK 14) shall be accomplished .

In the fol lowing paragrap hs each block in Figure 6 is exp lained in the

genera l context of the requirements engineering activiti es which occur.
Followin g this general description is an exp lanati on oriented to the
Concep tual Phase and Valid ation Phase issues. The proximity of these
descriptions has been chosen to comiununicate the subtleti es between t.he two
phases which is too often misunderstood .

4. 2 Identify and Review Source Documentation (BLOCK 1J +

During this task the requirement s anal ysis team shall in dividuall y rev i ew
the source documentation in order to become familiar with the overall
system requirements. It may be appropriate to initiate a formal mechani sm

to track individ ual and team concerns throughout the defin ition and
anal ysis activities. During the review sessions the anal ysis team shall
perform a general evaluati on of tI” requirement types contained in the

b 

source documentat ion. The review of the source documentation and the
assessment of requ irement types .i -e pr erequisites for develop ing the
requ i rements engineering plan (BLOCK 2).

_______________ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . ~~~~~~~ .. . ~ii



I
4. 2 .1 Conceptual Phase

Th e ob jec t ive  of the requirements engineering a c t i v i t i e s  during the
Conceptual Phase will be either to produce an initial system specification
(Type A) from available user documentation or to determine the quality of
the requ i rements in the initial system specification prior to the Validation
Phase activities. Pertinent documentation for producing an initial system

specif ication includes various planning and user requirements documents
(PMD , PMP , ROC , SON ) along with specifications for similar system s, for
system interfaces , and for existing or previousl y defined subsystems. In
addition , documentation derived from engineering studies and prototyping or
experimental test system s shal l  be used in defining and anal yzing the
requirements of the system. If the engineering activities have advanced
beyond the p lann i ng and study stage , the initial system specification may

have already been prepared. If an initial system specificati on does exist ,
the requirements and anal ysis activit ies shall be oriented toward evaluating +

the system specif icat ion prior to the initiation of the Val idat ion Phase.

4. 2.2 Val idat i on Phase

The ob jec t ive  of the requirements engineering ac t i v i t i e s  during the
Val idat ion phase shall be (1) to refine the initia l system specification
(Type A) derived from the Conceptual Phase in order to authenticate and
base l ine the system operat ional requirements and/or (2) to expand and
allocate the authenticated system spe.~ification requ i rements to system
end-items (Cis/ CPCIs). The initial system specification , along with other
pertinent documentation as described in the preceding paragraph , shall be
used as an input to the BLOCK I activities In order to provide the basis for
authenti cating the requirements of the system. On the other hand, the
authenticated system specification (Type A) shall be the input to BLOCK 1
activities l eading to the allocation of requi rements to system end-items
(C Is and CPC I5)  and the prepa ration of Computer Program Development
Speci f icat ions (TYPE B5).
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4.3 Produce Requ i rements Engineering Plan (BLOCK 2)

After review of the source documentation the anal ys i s team sha l l determi ne
the specif ic approach to accom p l ishing BLOCKS 3-14. Thfs approach shall
take into account al l  available resources includ ing personnel , sche dule ,

and financial considerations. The plann ing shall detail the methodol ogy to

be app lied (tools , techni ques ,conven ti ons , etc.), spec i f i c tasks to be
accom plish ed , personnel assignments , resource descr iptions , sche dules
and milestones , p reliminary and final documentation to be produced (BLOCK

12), progress reviews and quality assurance procedures. The results shal l

be described in a requirements engineering plan.

If automated tool s are selected to assist in the requirements definition

and anal ysis of the source documentation , features of tool to be empl oyed

shall be determined. This selection shal l insure that the anal ys i s pro-
ceeds in a uniform manner , and the features of the automated tool satisfy

the requirement types identified in the source documentation. In addition ,

the planning shall identify specific automated i~ ports required during

subsequent requirements definition and anal ysis activities and for final

documentation.

4.4 Identify System Functions (BLOCK 3) H

During this task the source documentation is analyzed and the system

functions , necessary to control or produce the desired outputs from the

available inputs , shall be identified. A function is a discrete activity

within a system. The collection of discrete functions , defines the total
activities which must be accompli shed by the system to ach ieve a gi ven
objective. The functions identified shall range from high level (first +

possible functional breakout of the system) to detailed l ower level
functions which represent finite , dist i nct actions to be performed by system

equipme nt , computer programs , personnel , facilities , procedural data , or
combinations thereof.
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The requirements definition and analysis activities associated with this

task shall be oriented toward identifying the actual user fun ctional
requirements which are necessary to achieve the mission objective.

Naming a function is an important part of the requirements engineering
process. Function naming convent ions shall be defined (BLOCK 2) and
consistentl y app lied throughout the requirements definition and anal ys i s
ac t i v i t i es .  The fol lowi ng are required or recommended convention s for

develop in g function names:

Required

• Each function shall be given a uni que name conformi ng to the
function name in the source documentation or its characteristics.

A’
• The function name shall be succinc t. This increases the ability of

the reader to retain the idea being expressed , especiall y for large
or complex systems consist ing of many functions.

• The function name shall not imp ly any preference for a design
soluti on , even if the source documentation specifies desi gn detail.

Recommended

• The follow ing function naming constructs are reconinended. The use of
the subject constructs should be restricted to instances where the
verb constructs can not be derived :

CONSTRUCT EXAMPLE

Verb Boost

Verb Object* Boost Vehicle
Boos t Launch Veh i cle
Display Fai l at Ground Control
Read Manual Signal into Logic Stream

Compound Verb Recover and Evaluate
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Compound Verb , Object* Recover dnd [valuate Vehicle
Recover and [valu ate Launch Veh icle

Suhject* Lv alu jti on
Pay load [valuat ion

L~ npound SubJect* Recovery and Lv a lu a t.ion
Vehicle Recovery and [valuat ion
Pay load and Vehicle Recovery and
Lvaluj t  ion

* w i t h  or w ithout m od ’fiers , such as adjectives and/or prepos i tional

phrases.

• The function name shou ld be limit ed to 50 characters on less ,
including blank characters (spaces) between word s in the function
name.

• Abbr ev i at !ons wh ich arc defined and maintained through out the
requirements eng i neeri ng a ct i vi ties may be used in the tun cti on
name.

As each f u n c t i on i 5 i d e n t i f i e d  and named , the primary and secondary

references to t~~~i~ source documen tati on shall be nia tht.ained (BLOCK 13). Lach

funct ion shall be supp l emented by a descri pt ion of the function and its

pu rpose , a s t a tpn en t of the conditions under which the funct ion i s

activated , and a descript ion of the system external and internal inputs ! +

ou t p uts t~i~ t the func ti on wi l l  receive , use , or generate. The latte r

descr ’pt i on s  serve as a bas i s upon wh i ch the requirements eng ineer ing

Jct iv~tios L~ f BLOCKS 7 , ~~. and 10 w ’l l proceed .

4.4. 1 Conceptual Phase

Pr~er to development of the i n i t i a l  system spec i fication (Type A) . the

funct i ona l requ i rements of the system are not usuall y col1ec t~ ve l y de fi ned.

The ana1 ys~s team shall ident . ’fy the functional requ i rements from av a ilable

source document ati on and through interviews w ith the using agency. it an
i nitial system specif ’cation has been prepared , the anal ysis t eam shall

+ 
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evaludte the functions directl y from the init ial system specif icat ion and
the supporting documentat i on as described in BLOCK 1. If the source
documentation is evaluate d to have justifiabl e and well defined functions ,
the anal ys i s team shall consider adopting the functional i dentification.
T he ana l ys i s team shall not be restricted to the specific function names 

+

ide n t i fi ed i n the source documentation primaril y because many source
documents tend to identify functional requirements in desi gn or solution
terms.

Va l idati on Phase

Dur i ng the VaI~ dation Phase the initial system specifi cation (Type A )
shall be ana l yze d an d authen ticated. In addition , various end— item
development (Type B) specificat ions shall be produced (BLOCK 12). The
i dent ificati on of system functions leading to the authentification of the
system spec i fi ca t i on shal l proceed under the same guidance as described
above for the Conceptual Phase. Development specifications (Type B5s) are
i nitiated from the baselined requirements as documented in the authenticated
system spec ificati on. Functional requirement s in the authenticated system
specification are further anal yzed and refined. The anal ys i s of system
requ i rements l eading to the Type B5 specification generation (BLOCK 12)
sha ll be ori ented toward allocating system functions identified in the
authenticated system specification to specific CPCIs. As such , the
allocat ion shall be accomp lish ed without specific solution orientations
imp lied by the CPC I names or the function names below the CPCI.

4.5 O rgan ize Functions into a Hierarchical Structure (BLOCK 4)

In conjunct.ion with ‘dentify ing the system functions as described in BLOCK
3, the functions shall be arranged into logical hierarch ical structures
(Figure 2). This form of organizati on is suited for structuring system
functional requirements in a logical arrangement for communicatin g system
functions and the relationshi ps between the functions to design engineers.
This form of organization provides a view of the system as an aggregate of
functions broken down i nto a logical arrangement of subordinate di screte
activities which must. be performed. This logical form of organization is

,
.
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distinguished from the control-flow (BLOCK 9) and information -flow (BLOCK

10) forms of organizing system functions.

The func tions of the system shall be groupet. into higher levels of

organization representing the first possible breakout of the system.

Upper-level functions shall be refined by the identification of subordinate

levels. Each level of the hierarchy shall be limited to six functions or

less. This limit of six functions has been shown to increase the human

understanding of the system functional requirements. Should the need exist

for more than s i x func ti ons at a giv en level , the anal ysis team shall

restructure upper levels of the hierarchical structure to resolve the

problem. In a functional hierarchy the sum of the activities of the -
~~~

functions on a given level shall be equal to the activity at the next

higher level in the hierarchy . This princi ple means the total system

activ i ties are defined by the functions at the l owest level in the

hierarchy .

During the course of the organization of functions into a logical 
d

h ierarchy , the names of previously defined functions may be altered in

order to conform to the logical structuring. On the other hand , the
log ical structuring may necessitate the creation of pseudo-function names

in order to provide a means of organizing functions under special and

meaningful groupings. In addition , the h ierarchical structuring may

necessitate identification or creation of new functions which were omitted

in the source documentation.

4.5.1 Conceptual Phase

In developing the (Type A) system specification , the up per-levels of the

system functional hierarchy shall be limited to groupings which communicate
system operational needs. Many system developments require that the

system functions be organized into discrete segments. In this case , the

syst em becomes the f irst level of the functional hierarchy and the segment

become becomes the next l ower level.
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System functions are organized into discrete segments when the system will
require the participation of several contractors and government agencies.

The groupings of system functions into segments shall be accompli shed only
for  the s p e c i f i c  p u r p o s e  of c l e a r l y  d e f i n i n g  the contractual

responsibilities between the procuring agency and the contractor (s). If

this is the case , the sys tem s pec i f i ca ti on func ti onal requ i rements shal l be
alloca ted to various segmented specifications. Therefore , the first level +

breakout of the hierarchy shall represent the segment. If the allocation

is justifiable (because of predeterm ined contractual reasons), the analys i s
team shall incorporate the segment organization into the second level of

the system hierarchical breakout. If the segmentation is not predetermined

and binding , the analysis team may restructure the segments identified in

the source doc umentation when further analysis of the functions justifies

different segmentation and l ower-level functional breakdowns.

k

The next leve l  ( w i t h  or w i thou t  segment ing ) is the funct ional  area
(MIL-STD-480 , 483 (US A F),  and 490). An exam ple of discrete top-level

functions at a functional area level in the hierarchy for an el ectronic

system might be surveillance , tracking, identification , i nterce p tor
control , and comunications. The analysis team shall continue defining and

expanding the system functional requirements into a logical organization of

subord i nate functions , each level shall be li mi ted to s i x funct ions or
less.

4.5.2 Val idation Phase

The hierarchica l organiz at ion of functions into segments and functional
areas sha ll proceed under the same guidance as described above for the
Conceptual Phase. The functions of the system specifications (or segmented

+ specif .ication) are further allocated to various end-items. In conjunction

with this allocation , the next level below the functional area in the

functional hierarchy is defined , the configurat i on item (Cl), or i n the

case of Type B5 specif icatior preparation , the Com puter Program

Conf iguration Item (CPCI).
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Bel ow the CPCI , the hierarchical structure consists of functions and any

number of subordinate functions. Natura lly, the def i niti on of some branches
of the hierarchy wi l l  proceed more rapidly and to a greater number of levels
than others. Areas needing more study shall be identified and the structure +

shal l be comp leted when conclusions resulting from the studies are available.

The functional hierarchical structure shall include all the system functions.

During the course of defining, ana l yzing, and al l o c a t i n g  system

requirements , the anal ysis team shall evaluate and be guided by existing

design studies and other anal yses of system logistic support , system

ma i ntenance , system activat ion and test , and personnel and training. The

functional allocation sha ll identify specific problem areas (i.e. ,

techn ical , logistical , financial) where additiona l studies will be required

before the allocation can proceed or be validat ed. All allocations shall be

based upon sound engineering reasoning, since the allocation of system L
functions to specific physical end-items is a major system design decision.

Altho ugh this allocation may be predete rmined by such cons iderations

as policy , economics , or existing system characteristics , it is essential

that the analysis team review all allocations thoroughl y in order to

validate the technical integrity of the resulting system. Primary and

secondary references to source documentation (studies , technical papers ,

etc.) supporting the justification of the organization ot the functional

hierarchy shall be maintained (BLOCK 13).

4.6 Identify System Constra i nts (BLOCK 5)

In conjunction with the identifica tion of system functions and organizing

func ti ons i nto a h i erarchica l st ruc ture , the ana l ysis team shall identify

all system constraints. The constraint requirements shall be limited to

performance , physical , operability and design. Test Requirement constraints +

are addressed under BLOCK 11. Constraint requirements shall be derived from

ava ilable source documentation or from the results of trade-off studies ,

feas ibility studies or advanced development studies. Each const raint

requirement shall be related to specif ic function levels in the functional
hierarchy . A constraint app li ed to a g iven l eve l in the func ti onal
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hierarchy imp lies that the constraint is app lica ble to each l ower level

func t ion  in the hierarchy . As the const ra in t  anal ys i s  cont inues the
constraints may be allocated to l ower level functions In the functional

hierarchy. Constraints which are not clearly just~fled from available

documentation shall be eliminated from consideration until doLumented

justification is available. All constraint requirements shall be stated in

spec !f ic quant if iab le parameters , either as a single val ue or range of
values , inc luding the unit of measure , limits , accu racy or prec i s ion , and
frequency.

During the course of ident i fy i ng the various constraints i mposed on the

functions of the system , the analysis team shall verify that no combination

of constraints results in excessive or unrea listi c engineering requirements

(BLOCK 14). Technical risks identified by the anal ysis of constra i nts shall

be fo l lowed up by additional studies to resolve areas of conflict.

Primary and secondary references to source documentation and anal ys i s
and studies which support and justify each constraint requirement shall be

maintained (BLOCK 13).

4.6.1 Conceptual Phase

During the Conceptual Phase the anal ysis team shall identify the constra i nt

requirements at the upper levels of the functional hierarchy , namely at the
syst.em (or segiiient) level and functional area level. Detailing of

constraints below these first two levels shall be avoided unless specific

substant iated reasons exist to address constra i nts at. l ower levels In the

functional hierarc hy. Over specifying constraints during initial system

specification development limits the design flexibility during later phases

of the system acquisition life cycle. The constraint requirements will vary

with the avai lable source documentation and the quality of engineering

studies acconip l ished during the Conceptual Phase. System capacities and

accuracies for a surveillance system might include the maximum number of

Intercepts , tracks , and sensors . Functions associated wi t h Information
processing might include requirements for handling a specific number of

messages of a particular size , and at specif ic frequencies.
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The anal ysis team shall minimize constra ints to requirements which can be

tested (BLOCK 11). Constraints which are high development risks or which
may conf l i c t  w i th  other constra int  requirements shal l  be examined in
subsequent Conceptual Phase or Val idat ion Phase studies to clarify possib lc
conflicts and reduce technical , logistical and financial risks. 

+

4.6.2 Validation Phase

The criteria described above for the Conceptua l Phase shal l app ly. The
anal ysis team shall eliminate all constraints which are not justified and

testable from the system specification or supporting studies and analysis as

part of authenticating the requirements. In the preparation of the computer

program development specification (B5) requirements , the allocation of

constraints shall be extended to the CPCI as well as the CPC I subordinate

functions. All allocations shall result from system engineering decisions

based upon development studies. The anal ysis team shall determine the need

for additional studies to verify that the constraint requirements are

realistic and within the state-of-the-art. Specific solutions to technical

problems resul ting from Conceptual or Validation Phase studies shall be

omitted from development specification requirements (BLOCK 12). The study

results shall be used onl y to determine that constra i nt requirement s are

realis tic and testable.

4.7 Ident i fy System Using Activities (BLOCK 6)

Using activities (organizations , operational units , or operator positions)

which interact with the system shall be identified . The identification

of using activities provides the basis of information-flow anal ysis (BLOCK

10). The identification shall include the names of using organizations

iden tified in the source documentation or through other determinations such

as human engineering studies. Lower level position names , such as specific

operator positions shall be identified and described to the level of detail

required for the associated functions.
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Using a c t i v i t i e s  a re a form of design const ra in t  but are separate ly
presented in this guidebook in order to support other requiremen ts
engineering activities such as informati on -flow analysis (BLOCK 10).
Whenever using activities are identified , there must be suffici ent
justification , such as eng i neering analysis , which clearly shows that the
using activity is necessary and represents an absolute requirement and not
just a desirable feature.

4.1.1 Conceptual Phase

The organizations , operationa l units , and positions during the Conceptual
Phase shal l be described for the upper levels of the functional hierarchy
and shal l concentrate upon descr ib ing the interact ion of the using
ac t i v i t i es  w i th  the system as a who le. The speci f ic  names of the
organization , operational units , and positions shall be determined from the
source documenta ti on , interviews with the using activity , and through
associate d studies and analyses , i.e. human engineering studies and

man-machine task analysis. The personnel position descriptions shall
inc l ude the duties of personnel , and the numbers to operate, maintain and
control the system.

4.7.2 Va lidation Phase

During the Val idat ion Phase the organizations , operational units , and
positions shall be further refined and allocated to l ower level functions ,
i.e. CPCIs and functions below the CPCI. Human performance requirements

relative to the specific positions shall be considered as constraints upon
the associated functions. For instance , mi nimum response times for human
decision making , maximum time for response , etc., shall be identified.
Subsequently, BLOCK S shal l be repeated to define the human factor

constra i nts and associate them with the proper functions.

4.8 Identify [xternal System Inputs—Outputs (BLOCK 7)

In conj unction with identifying the using activities , the analysis  team
shall Identify the output ( responses) required from the system. Output
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information consists of system messages and reports necessary for the
operation , ma i ntenance , control of the system and support of the mission

objecti yes.

Subsequent to each output being def ined , the associated system inputs

(sti muli ) shall be identified. The input information may be used directl y

from the external source or used by the system (see BLOCK 10) to derive all

or part of an output. Inputs and outputs shall be associated with their

respective sources or destinations . These sources and destinations may be
the using activities or external systems. Additional informational

requirements , such as internal information necessary for the system ’ s
operation , shall be identified during BLOCK 10.

Each in put or output (I/O ) shall be given a unique name conforming to the

I/O name in the source documentation or its characteristics. The I/O naming

convention shall be consistent throughout the requirements engineering

process and shall be defined during the requirements engineering p lanning
activities (BLOCK 2). Parts of an input or Output shall be identified and

name d as the requirements engineering process continues. Primary and

secondary references to source documenta tion and anal ysis and studies which

identifies the need for the I/O shal l be maintained (BLOCK 13). Each

I/O shall be supp l emented by a descript ion of the I/O and its purpose.

4.8.1 Concep tual Phase

The inputs and outputs defined during the Conceptual Phase shall concentrate

upon the upper level s of the functional hierarc hy. The emphasis shall be

upon identifying specific output requirements necessary for the operational

use of the system to achieve mission objectives. Output message formats

shall be specified to a level which can support additional anal ys i s of
information processing resource requirements during the Validation Phase.

Spec ific outputs such as message formats shall be described by type , format
or size , and frequency. The level of detail may vary according to the

system or system segment being defined . Earl y in the definition it may only
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be possible to define the existence or general nature of the outputs and
inputs. lnput s and outputs to other systems or system segments shall be
prec i sely defi ned.

4.8.2 Val idation Phase

During the Validation Phase the output s and input s described in the authen-
ticated system specification shall be expanded and refined if not completed
during the Conceptual Phase. As a result of sizing and timing estimates,
the output and input requirements shall be associated with specific CPCIs
and functions bel ow the CPCI. Quantitative parameters shall be described
for all inputs and outputs includin g units of measure , accuracy , the
precision requirement s, and frequency. All I/O must be defined compl etely
by the end of the Validation Phase.

4.9 Structure System I nputs-Outputs (BLOCK 8)

Concurrent with BLOCK 6 and 7 act iv i t ies , the system inputs and outputs
(I/O) sha ll be arranged into hiearchical structures (Figure 3). The
emphasis on the I/O hierarchical structures is to organize the I/O and their
subordinate parts into log ica l organizations or simpl y as groupings of
i nformation. Structuring the I/O is an effective means of identifying
incomp lete or mis sing I/O requirements and for communicating the Input and

output requ i rements to design engineers.

Part s of I/O identified during BLOCK 7 shall be associated with other I/O
and organized into hierarchic al structures. Changes and additions to the
I/O hierarchical structures may be required as i nformation—flow analysis

(BLOCK 10) is accomplished. The upper parts of the individual I/O

hierarchical structures shall be equivalent to the aggregate of the
subordinate pa rt s in the hierarc hy. During the course of organizing the I/O
into a hierarchy , the names of previousl y defi ned 1/0 may be altered in
order to conform to the logical i nformation structure being defined. On the

other hand , the hierarchic3l structuring may necessitate the creation of

pseudo input/output names in order to provide an effective means of



organizing the I/i) hierarchical structures in special and meaning ful

group ings. In addition , the hierarchical structuring may necessitate the

identification or creation of new I/O requirements which were om itted during

earlier requirements engineering activ it ies or from the source document ation.

4.10 Perform Control -Flow Anal ysis (BLOCK 9)

After the functions of the system are identified (BLOCK 3), the contro l flow

between the functions shall be described in control -f low diagrams.

Control-flow anal ysis provides a means of viewing the system from an

activity-oriented perspective and is often referred to as functional -flow

ana l ysis. The control—flow diagrams (Figure 4) sha ll describ e the

sequent ial flow between system functions. The control —f l ow diagrams shall

indicate onl y the relationshi p between system func ti ons and sha ll not imp l y

any lapse in time or intermediate activity . Conditions which determine the

flow directions shall be described using the following control -flow

relationships as illustrated in Figure 4~

SERIES Th i s i s a sequenti al rela ti onsh i p between two or more
activities. This relationship i s assume d un l ess an AND , OR .
or UTiLIZE relationship is indicated in the flow path.

AND Activities preceding the AND must be accomplished before the
flow m ay continue .

OR Any one of the alternate paths may lead to the next activity.
The conditions upon which the alternate paths are selected
are associated with the OR.

UTILIZES This relationship indicates that a function on a path is
dependent upon the use of one or more other functions in
order to accom plish its activities. A sing le function or
sequence of functions nay be defined once and utilized as
frequentl y as necessary in the control flow without having tu
be redefined (replicated ) for each use.

The control  f low sha l l  be restricted to concepts backed by system

engineering studies or the like which clearl y resolve any unce rta i nty
of technica l risks associated with the flow concept described. Where
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uncertainty exists the relation shi ps shall be described as tentative or not
com p leted , as appropriate , un til subsequent anal ysis resolves the
uncertainty . As the cont.rol flow is identified , the primary and secondary
references to the source documentation shall be maintain ed (BLOCK 13).

Control-flow anal ysis will necessitate changes and additions to previousl y
defined functions , constraints , and I/O , as well as the hierarchy structures
and other previousl y defined relationshi ps. Missing or incomp le te
requirements shall be determined and the deficiencies shall be corrected.

4.10.1 Conceptual Phase

Dur ing the Conceptual Phase the control-fl ow analysis shall be concentrated

upon describing the sequential flow (SER1ES) between the functions of
the system. Conditions (AND , OR , UTIL IZES)  wh i ch determ i ne the f l ow
direction sha ll be described when appropriate to the Conceptual Phase

anal yses performed . If an initi al system specification has been prepared ,
the anal ysis team shall evaluate the control — f low relationships contained in
the initial system specification and the other supporting documentation. +

The control flow at the upper levels of the functional hierarchy shall be

addressed initiall y. As the functional hierarchy evolves , analys i s of the
control relationshi ps allocated to l ower level functions shall be
accom p lished. As a result , the control -flow relati onships shall be
described for all l ower level functions identified during the Conceptual

Phase. The uncertainties in the control flow which are not resolved in the
Conceptual Phase shall be resolved during the Validation Phase.

4.10.2 Validation Phase

The control-flow relationships in the system specification developed during

the Conceptual Phase are further anal yzed and refined during the Validation

Phase. The con trol-flow ana l ysis leading to the authenticated system
+ 

specification shall proceed under the same guidance as described above for
t he Conceptual Phase. Cont ro l - f low analys is  shall continue from the
base l ined requirements as documented In the authent icated system
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specification. The contro l-flow relat ionsh i ps in the authenticated system

specification are further anal yzed and refined. The Type B5 control -flow

ana lysis shall be oriented toward defining the control flow between CPCIs

and between functions w ith th CPCIs . The control-flow descri ption shall be

expanded as t.he system functional hierarchy evolves. The Validat i on Phase
control-flow descript ion shall inc l ude al l four conditions (SERIES , AND , OR ,
UTILIZES) wh i ch dete rmin e the flow direction as appropr i ate. All

control-flow relat~onshi ps shall be completed by the end of the Validation

Phase.

4.11 Perform Information -Flow Anaiysis (BLOCK 10)

This activity builds upon the I/O hi erarch ical structure (BLOCK 8) by

providing a means of anal yz i ng the system as an informat i on processing

system (Figure 5). During thi s an alys is , the flow relationshi ps between

external system inputs and resulting outputs shall be ident i fied in

information —f low diagrams. These diagrams provide the bas is for determining

that each I/O is used , derived , or up dated. An effect ive means of

information -flow anal ysis is to trace an output back to the system input :
ex ternal data , messa ges , or stimuli. This method permits the relationships

between associated functions and the interna l inforr iiation necessary to

support the derivation of the output to be identified. The flow

associations between system information shall be described using the

followi ng information -flow rel ationshi ps as illustrated in Figure 5:

USES This relationship indicates that a function on the path uses
external information (external input ) or internal system
inform ation (internal input ) in order to accomp lish its
activities.

DERIVES Th is relationshi p indicates that a function on the path
derives either external information (external output ) or
internal system information (internal output) as part of
its activities.

UPDATES This relationshi p indicates that a function on the path
updates internal system information as part of its activities.

-- ~~~~~~~~~~~~~~ -- _____  _________  
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The information flow shall indicate the relationship between system

functions and system information (external and internal system I/O ) and

shal l not imply any lapse in time or intermediate I/O being used , derived , +

or updated. These relationshi ps shall be identified for each level in the

infor ma tion hierarchy . As the information analysis continues the

rel ationships shall be allocated to l ower leve l s in the information

hierarchy as the I/O is identified (BLOCK 7) and structured (BLOCK 8).

For the purpose of information - flow analysis , the using activities

identified during BLOCK 6 are integral to the definition of the system as

an aggregate of har dware , computer programs , personnel , facil ities , and

procedural data. The relationships between the using activities shall be

described using the following information-flow relatio nships as illustrated
in Figure 5:

PROVIDES T hi s rela ti ons hip indicates that a using activity is the
source of the external -input .

RECEIVES This relationship indicates that a using activity is the
rec i pient of the external output.

The infonnation flow shal l be restricted to concept s backed by system

engineering studies or the like which clearly resolve any uncertainty or

technical risks associated with the flow concept described. Where

uncertainty exists the relationships shall be described as tentative or not

com p le ted as appropriate until subsequent analysis resolves the

uncer ta i nty . As th e in forma ti on f low is ident i f ied , the pr i mary and
secondary references to the source docunientation shall be maintained (BLOCK

13).

I n fo rma t i on - f l ow  ana l ys i s  will necessitate changes and additions to
previously defined functions , constra ints , and I/O as we ll as the hierarchy
structures and other previously defined relationships. Missing or

incom plete requirements shall be determined and the deficiencies shal l be

correc ted.

___________ _____________________________ ~~~~~~~~~~~~~~~~~~~ 
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4.11.1 Conceptual Phase

Dur ing the Conceptual Phase the information-flow anal ysis shall be concen-

trated upon describing the information flow between system internal and

ex ternal I/O and associated functions (PROVIDES , RECEIVES). Other

information—flow relationshi ps (USES, DERIVES , UPDATES) which describe the

system internal i nformation flow shall be described when appropriate to the

Conce ptual Phase analyses performed. If an initial system specification

has been prepared , the analysis team shall evaluate the information-flow

re lat io nshi ps contained in the ini t ial  system specification and other

support ing documentation. The information fl ow at the uper levels of the

information hierarc hy shall be addressed initiall y. As the information

hierarchy evolves , the information -flow relationships shall be al l ocated to

appropriate l ower level s in the information hierarchy . As a result , the
information -flow relationshi ps shall be described for all l ower level

in ternal and external I/O and associated functions identified during the 
+

Conceptual Phase. The uncertainties in the information fl ow which are
not resolved in the Conceptual Phase shall be resolved during the Validation

Phase.

4.11.2 Val idat ion Phase

The information-flow relationshi ps in the system specification developed

during the Conceptual Phase are further anal yzed and refined dur i ng the
Validat ion Phase. The information - flow anal ys i s lea di ng to t he
authenticated system specification shall proceed under the same guidance as
described above for the Conceptual Phase. The Type B5 information-flow

anal ysis shall continue from the baselined requirements as documented in the
authenticated system specification. The information—flow relationshi ps in

the authenticated system specification are further analyzed and refined.
The information-flow anal ysis leading to Type B5 specification generation

(BLOCK 12) shall be oriented toward defining the information fl ow between

CPCIs and functions within CPCIs. The information-flow description shall be

expanded as the system information hierarchy evolves. All information-fl ow
relationshi ps shall be completed by the end of the Validation Phase.
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4.12 Perform Test Anal ys is (BLOCK 11)

Test requirements identify the system requirements which will be evaluated

during system integration and test. The princi p le objective of test

anal ysis is to identify which areas in the system definition shall undergo

formal test and verification. This is achieved by identifying test points

on the control-flow and information -flow paths (Figures 4 and 5). As the

control flows and info rmati on flows evo lve , the ana l ys is team shall

determine test points on the flow paths. These test points shall be added

to the flow paths at the selected test data samp ling loca tions. The

selection of test points shall be accomplished concurrent with the test

p lann ing activ ities. As test cases are determined by anal ys i s of t he
control and information flows , the test points shall be described and

associated with test p lans an d procedures.

The association between system test p lans , anal yses , and studies documented

prior to , during, and subsequent to tb~ start of formal requirements

engineering is crucial to the overall requirements engineering concept .

Documented test objectives preceding formal requirements engineering shall

be anal yzed. As a result , test points in the control and information flows

shall be selected which provide data for various test cases which support

testing objectives. Test anal ysis will necessitate changes and additions to

prev i ousl y defined system requirements definitions (functions , constraints ,

I/O , hiararchy structures , control and information fl ows, and associated

relationshi ps) in order to satisfy test objectives. Primary and secondary

references sha ll be maintained between the test points and associated test

plans and other supporting documentation (BLOCK 13).

4.12.1 Conceptual Phase

Before the development of the initial system specification , test objectives

may be identified in various early p lann i ng documen ts , anal yses , and
studies. Concurrent with the development of the init i a l  system

specification ~l e Test and Evaluation Master Plan (TEMP) is prepared. The

TEMP documents the overall test philosophy , testing concepts , subsystem and
system test objectives , and the basic test planning information. The TEMP

4 
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and the qL~ lity assurance secti on of the system specification (MIL-STO-

490/483 (USAF), Type A , System/Segment Specif ication) are the pr incip le test

p lanning requirements developed dur i ng the Conceptual Phase.

Prior to the development of the i n iti al system specif~ca tiori and TEMP ,

the anal ysis team shall anal yze the test objectives which are stated in

various plann ing documents , ana l yses , and studies. Test points shall be

determ ined and associated with Conceptual Phase control flows and

informat i on flows. The resu lti ng anal yses and test point determinat i ons may

require changes to the requirements definition as prev iousl y described. The

preparat ion of the initia l system specifi cation quality assurance provisions

(BLOCK 12) and TEMP sha ll proceed from the test point determinations and

ana l ysis activities performed dur ing the Conceptual Phase test anal ysis.

If an initial system specification and TEMP have been prepared , the anal ysis 
+

team shall evaluate the test objectives and requirements of these additional

documents along with associated earl y p lann i ng docume nts , ana lyses , and

studies. As the test po int s and test cases are determined the quality

assurance provisions of the system specificat i on may require clarific ation

and refinement. Subsequent to the authentification of the system

specification , the quality assurance provisions shall be required and

therefore reflected i~ the contractor test plans and procedures.

4.12.2 Validation Phase

Test points in the system specification developed during the Conceptual

Phase shall be further anal yzed and refined as the control and information

flows evolve during the Validation Phase. The test anal ys i s leadin g to the
authenticated system specification shall proceed under the same guidance as
described above for the Conceptual Phase. Validation Phase test anal ys i s
leading to the generation of development specifications (Type BSs) shall be

based upon Conceptual Phase test anal yses. The Conceptual Phase test points

shall be further refined and allocated to Validation Phase control and

information flows . If test points were not identified during the Conceptual

Phase ac tivities , the anal ysis team shall identify test points for

Va lidation Phase control and th formation flows in the same manner as

45
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described for the Conceptual Phase. The test points shall continue to be
refined as the control and infonnation flows evolve during the Validation
Phase. All test point s sha ll be descr ibed by the conclusion of the
Validation Phase and integrated into the evolving qual ity assurance section N
of development spec i ficat i ons (MI L-STD-490/483 (USAF), Type B5) and
associated test p lans and procedures.

4.13 Pr~pare Specif icat i on Documentation (BLOCK 12)

The preparation of spec ’fi cation documents shall be accomp li shed i n

acco rdance w ’th MIL-STD- 490 as supp l emented by MIL-STD-483 (USAF).

Specifications serve to doc ument the system requirements throughout the

system acquisition life cycle. In A i r Force acquisitions these documents

are an integral part of the management concept : confi guration management ,
data mana gement , system integration and testing, and contracting.

The system requ i rements definition and anal ysis activities (BLOCKS 3-11)

provide the basis upon which the preparation of specification documents
shal l  proceed. The products of BLOCKS 3—11 (functional hierarchical

st ruc tures . I/O hierarchical structures , control flows , informa tion fl ows,

etc.) shall be incorporated directl y into the specifi cation documents in

accordance with the prescribed format of M IL-STD-49O/483 .  Add i t i ona l
specificat i on document inputs (text , etc.) may be required to complete the

documen t , howeve r , the additions shall not conflict with the requirements

engineering products previousl y produced. All requirements in the

specification documents shall be traceable to the products of the

requirements eng ineering performed as described in BLOCKS 3-11. Therefore ,

each specification document shall be cross-referenced to the requirements

engineering products (BLOCKS 3-11).

Where the specification document paragr aphs require additional text to

satisfy MIL-STD-490/483 (USAF ) specification preparation requirements , the

text shall be direct and succinct. The text shall be free of vague and

ambi guous terms. The text shall use the simp lest words and phrases which

convey the intended meaning. System requirements shall be comp lete , whether
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by direct  s t a t e m e n t s  or re f e renc e s  t o  other documents , such as th e
requ i rements eng ineer ing products  ( B LO C K s 3 -11 )  or other docum ents as
Ident ifie d and maintained (BLOCK 13). Cons istency in terminolo gy and the

organiz ation of materia l w i ll contribut e to the spcci ficat.lon doc ument l

clar i ty  and usefu lness. [he intent , of th e t e x t  is to provide supp lemental
understanding of the  r e qu i r e m e n t .s identified and anal yzed previousl y. As
such the sty le of writ I ny sha l 1 eiiiph as I ze short and concis e sen t enc e
st tu re. We 11—writ t en sentences sha 11 be requ i red with a m ini mum ol

pu nc t. na t i o n .  Punc t oa t  1 on sha 11 be u~ •‘d to aid read I ng and prevent .

ml sunderstandi nys. When extens Ive punctuat. I on is required for clarity , the

sentence shal l  be rest ruc tured to el iminate the (let I ci ency. The emp has i s
shall be upon short and concise sentences and the ci 1w i nat. ion of compound
clauses. Add It Ional  sty li’, fo rmat and general Instruct ions for preparation
of s p e c i f i c a t i o n  documents sh a l l  be accomp lished as desc ribed In
MIL -ST0—49 0 . paragraph 3 . .

Care shal l  be taken to ensure that the supp lemental text  statements do not .
confi i ct. wi th prey I OU S 1 y (let I ned system requirements (BLOCKS 3 — 1 1 ) .  Where
confl icts .irise , th e previous requirement.s del init i o ns and anal ysis shal l
take precedence , the confl i ct. s in t he supp lemental text shall be removed . +

Re accom p l I sh Iny prey I ous tasks (BLOCKS 3— 1 1) may be necessary  where
conf l ic ts  indicate def ic ienc ies in products developed durinq earlier system +

de f in i t ion and anal ysis. The notes section of each speci f i ca ti on docume nt.

(Section 6 , Notes) sh~ l I be used for background I nfonnat ion or r~ t I ona l e
w h i c h  may be o f  a s s i s t a n c e  in unde rs t a n d i ng the r e q u i r e m e n t s  or

spec ificat ion it se lt.

4.13.1 Conc e ptua l Phase

A i r I orce System Spec i f I cat ions are prepared i n accordance with MI L — S ID—490 ,

A ppend ix I (type A , Sys t e r n  Spec I f I c at . ion) as supp lemented by MI L — S TD—4 8.3
(USAF ) . Appendix I I I (System Spec if I ca t. I on/Syst cm Seqrnent Speci f ica t ion) .
If the requ I reii;ents enq I neer I nq ~ic iv it i es (BLOCKS 1 — 1 1 )  have been

acconip l ~shed prior to the development , of an In i tial system specif ication ,
the in i ti a l syst eiii specit ic at ion shall be developed as described in 4.13.
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If’ an i n i ti a l system sp ecit icatlon has been prepared , the requirements
eng ineering activities (BLOCKS 1-11) sha ll be accomplished and a new system

specificat ion shall be prepared as described in 4.13. The resulting system

specif ication shall be the basis upon which the Validation Phase I~
initiated. Table ~ provides a cross reference between the requirements +

eng ineer ing activit i es described In t.his guidebook and the associated

paragr aph requirement.s in MI L- STU-490/483 (USAF ) for Type A , System

Spec i f i ca t ions .

4 .I3.~’ Validat i on Phase

It an i n i t i a l  system specification has been prepared but has not. been

authent icated , the requ irement .s eng ineering a c t i v i t i e s  shall be accom plished

(BLOCKS 3-11) and a new system specificatIon shall be generated as described

in 4.13. The new generated system specification may become the

authentica ted system spec ifi c a tion If contractuall y required by the

procuring act ivit .y . Aga in , Table .‘ provides a cross reference between the

requ i rement.s engineering activit ies described in this standa rd and the

associated pa ragraph requirements in MIL-StD-490/483 (USAF ) for Type A ,

System Sp ecificat ion s. The prepa ration of Computer Program Devclopment

Specificat ions durin g the Validation Phase shall be done in accordance
w ith MIL -STD-490 , A ppendix V I (Type 85. Com puter Program Development

Spec it icat Ion) as supp l emented by MIL—STU-483 (USAF ) , Appendix V I (Type

[35 , Computer Program Configuration Item Specification). Table 3 provides a

cross reference between the requirements engineering activities described

in th i s qii i dt ’book and the associated paragraph requirements in MIL-STO-

490 /4~3 (USAI- ) append ices for Type 135 spec I fi cat , ion preparat ion.

4.14 Perform Traceabi lity An alys i s ~ LOC~ 13)

System requ i rement.s traceability is another effective means of Identify ing

incomp lete or m issing requ i rements. Traceabi lity gives the anal ys t a means
of verif ying the requirements by linkin g each requ i rement to the varying

forms of source documentation such as program directives and pl ans , studies ,
anal yses , test p lans . assoc iated specifications (Type A , B, etc.) and the

4~l
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[able ..‘ . Cross Reference between System Specification (Type A)
Documentation and Requirements Engine ering Activities

MI L -STD-490/483 (USAF ) Requirements Lng i neeri ng
Paragraphs Activities (BLOCKS)

Sec t i on  1. Scope
Section 2. App licable Documents 1 ,13
Section 3. Requirements

3.1 System Definition 3,4
3.1.1 Genera l Descri pt ion 4
3.1.2 Miss ions 3-10
3.1.3 Threat
3.1.4 System Diagrams 4 ,9 ,11
3.1.5 Interface Definition 3-10
3.1.b Government Furnished Property List S
3.1.7 Operational and Organizational Concept.s 6
3.~’ Characteristics
3. ~‘.1 Cerformance Characteristics 5
3.2.2 Physical Characterist ics 5
3.2.3 Reliability 5
3.2.4 Ma intainability 5
3.2.5 Ava i l a bility 5
3.2.6 System Effec t iveness Models 5
3. 2.1  nv i ronmental Cond itions 5
3 .2 .~ Nuclear Control Requirements 5
3.3 Des~gri and Construction 5
3.3.1 Materia ls , Processes , and Parts 5
3.3.2 Electromagnetic Radiation 5
3. 3 .3 Namep lates arid Product Markings 5
3. 3 .4  Workmanshi p 5
3.3.5 Interchangeability 5
3.3 .6 Safety 5
3.3. 1 Human Performance/ Human Engineering 5
3.3.8 Compute r Programming 5
3.4 Documentation 1 ,13
3. 5 Log istics
3.5.1 Maintenance 5
3.~ .2 Supp ly
3.5.3 Facility and Facility Equi pment. 5
3.6 Personnel and Training
3.6.1 Personnel 5
1 .h . 2 Train ing 5
3./ lunc i iona l Area Characteristics 3-10
3.8 Precedence 3-10

Section 4. Oua1~ ty Assurance Provisions 11 ,13
.1 eneral 11 ,13

4.1.1 Responsibility for Tests 11 ,13
4.1.2 Spec ial Tests and Examinations 11 ,13
4. . Q ual i ty  Conforma nce Inspections 11 ,13

Section 5. Preparation for Delivery S
Section 6. Notes 1 ,3-11 ,13
Sect i on 10. Append i ces 1 ,3-11 ,13

49



_ _ _  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Table 3. Cross Reference between Computer Program Development
Specification (Type B5) Documentation and Requirement s
Eng i neering Activities

MIL-STD -490/483 (USAF) Requirements Engineering
Paragraphs Activities (BLOCK5 )

Sec ti on 1. Sco pe

1.1 Identification
1.2 Func tional Sumary 3

Sec ti on 2. App li ca bl e Docume nts 1,13

Section 3. Requirements
3.1 Computer Program Definition
3.1.1 Interface Requirements 3-10
3.1.1.1 I nterface Block Diagram 3-10
3.1.1.2 Detailed Interface Definition 3-10
3.2 Detailed Functional Requirements 3,4,9,11
3.2X Func ti on X 3,4,9
3.2.X.1 Inputs 6,7,8,9,10
3.2.X.2 Processing 3,4,5,9
3.2.X.3 Outputs 6,7,8,9,10
3.2.n Special Requirements 5,11
3.2.n.1 Huma n Performance 5
3.2.n.2 Government -Furnished Property List 5
3.3 Adaptation 6,7,8,10
3.3. 1 Genera l Env i ronment 5
3.3.2 System Parameters 5
3.3.3 System Capacities S

Section 4. Quality Assurance Provisions

4.1 Introduction 11
4.1.1 Category I Test 11
4.1.2 Computer Programing Test and Evaluation 11
4.1.3 Prel iminary Qualification Tests 11
4.1.4 Forma l Qualification Tests 11
4.1.5 Category II System Test Program 11
4.2 Test Requirements 11
4.3 Acceptance Test Requirements 11

Section 5. Preparation for Delivery 5

Section 6. Notes 1,3-11 ,13

Section 10. Appendices 1,3-11 ,13
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like. Throughout the requirements eng ineering activities the need exists
for the ana lyst to be able to evaluate the impact of changes and additions

to the requirements. Whatever the reason (policy , economi cs , study or

ana l ys i s  resul t s , eng ineering change propo sals , etc.) traceability

provides the capability to readily identify associated i mpacts to the +

system def inition as well as to trace the impacts to all other associated

documentation. Requirement change impacts can be readily anal yzed and the

appropriate actions taken. The trace links to associated plans , ana lyses ,

studies , and specificat ions accomplished prior to , during, and subsequent

to the start of formal requirements engineering are crucial to the

integrity of the requirements definition process.

Throughout the requirements engineering activities (BLOCKS 3-11), each
requirement sha ll be associated with the sources of t.he requirement (source

documents). These source references shall relate the system requirements

to all associated specifications , studies , ana l yses , plans , Types A , B , and
C specif ications , program management directives and pl ans , system sizing

and timing studies , prototyping , s i mula ti ons , test planni ng, and the like.

Two forms of references shall be provided : primary and secondary source

references. Primary source references refer to specific paragraphs in
source documen tation which are the ori gin of the requirement. Secondary

source references refer to specific paragraphs in the source documentation

wh ich provide information about closel y rela ted requirements , di scuss i ons
of the rationale about the requirement or other useful backg round

Information.

4.15 Perform Cons istency and Con~pj,eteness Anajy~f~ ( BLOCK 14 )

+ 
Throughou t the requirements eng ineering activities (BLOCKS 3-13) anal ysis

of the consistency and completeness of the requirements def inition assures

the integr ity of the system being defined. Associated with each

requirements enginee ring activity are various consistency and comp leteness
checks wh ich shall be performed concurrent with each block:

—- _ ,___~_I.J —~~~~~~ _-,_~_ 
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4.15.1 Identify System Functions: Block 3

• Are all functions defined in operational terms as opposed to
solution oriented terminology such as data processing terms?
Remove or rename al l func ti ons wh i ch imply “how-to ” .

• Are the functions backed by studies or the like which resolve
technical risks? Remove all functions which are not feasible or
anal yze the risks and resolve any uncertainty.

• Are al l source references identified for each function?

• Have high level functions been broken down into lower level
func ti ons?

• Can any functions be consolidated ? Can dup licated or similar
functions be eliminated or consolidated?

4.15.2 Organize Functions into a Hierarchical Structure : Block 4

• Does the hierarchical structure contain all functions defined?

• Have al l source references supporting the functional hierarchy
been identified?

• Does the sum of the activities of each group of l ower level
functions represent the activities of the function at the next
higher level in the functional hierarchy ? Are there any missing
lower level functions?

• Does each leve l of the functional hierarchy structure consist of
six functions or less? If not , restructure the hierarchy .

• Does the hierarchy of functions contain all supporting functions
which are necessary for the operation of the system?

4.15.3 Identify System Constraints: Block 5 +

• Have al l constraints been associated with specific function
levels in the functional hierarchy ?
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• Do constraint s have source documentation references? Each
constraint shall be backed by documentation which provides the - -

rationale , or feasibility for the constraint . If no source
reference is identified or available the constraint shall be
elimi nated.

• Do any combinations of constraint requirements imposed on the
functions result in excessive or unrealistic engineering
requi rements , thereby increasing costs technical and schedule - -

risks during the acquisition life cycle? Where uncertainty or
conflicts exist , further anal ysis shal l be performed. As a
resul t the conflicts shall be removed by eliminating or adjusting
the conflicting requirements.

• Is each constraint requirement defined in quantifiable terms:
single values or range of values , including units of measure ,
l imits , accuracy or precision , and frequency?

• Have constraints been overspecified? Excessive constraints
eliminate design flexibility .

• Are constraint requirements app l ied to the appropriate
functi ons?

4.15.4 Identify System Using Activit ies: Block 6 4

• Have all using activities (organizations , operational units ,
or positions) been identified and related to associated inputs
and out puts?

• Have all using activity source references been identified?

4.15.5 Identify External System Inputs-Outputs: Block 7

• Have all external system Inputs and Outputs been identified?

• Have all required external I/O formats (messages, etc.) been
identified?

• Are all external I/O associated with using activities (BLOCK 6)
and funct ions  (BLOCK 10 )?

• Are all external I/O source document references identified? 

~~~~~~~~~~~~~~~~~~~~~~ ~~~
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4.15.6 Structure System Inputs-Outputs: Block 8

• Does the information hierarchy structure contain all I/O as
described in the source documentation?

• Does the sum of the I/O at a given level represent the total 
-
‘

contents of the I/O at the next higher level in the hierarchy ?

• Do the I/O structures represent the contents of required messages,
etc.?

4.15.7 Perform Control-Flow Anal ysis : Block 9

• Is there a control-flow sequence defined for every function?

• Is each control-flow sequence complete and logicall y correct? No L
lapse in time or intermediate activity shall be implied between
functions in the control-flow sequence.

• Are all conditions which determine the flow direction described
using the control-fl ow relationships (SERIES , AND , OR , and
UTILI ZE ) ?

• Are Conceptual Phase control fl ows primarily SERIES flows ?

• Is each control-fl ow sequence referenced to source documentation
which establishes the need and rationale for the control-flow
sequence as wel l as resol ves any uncertainty of technical risks?

• Are all control flows complete at the conclusion of the Validation
Phase?

4.15.8 Perform Information-Flow Anal ysis: Block 10

• Is there an information-flow sequence defined for every external
+ 

output desired? Can every external output be traced to inputs?

• Is every external input and output used?
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• Is each information-flow sequence compl ete and logical ly correct?
The information flow shall indicate onl y the relationship between
system functions and system informat ion (external and internal
system I/O) and shall not imp ly any lapse in time or intermediate
I/O being used , derived , or upda ted.

• Are all i nformation-fl ow relationshi ps (USES , DERIVES , UPDATES ,
PROVIDES , and RECEIVES) described as appropriate in each
information—flow sequence?

• Are all using activities (BLOCK 6) associated with system external
I/O?

• Is each information-f low sequence referenced to source
documentation which establishes the need for the information-fl ow
sequence as well as resol ves any uncertainty or technical risks?

4.15.9 Perform Test Anal ys i s : Block 11 —

• Are all test points identified?

• Are the test point source references (TEMP , Tes t Cases , Tes t Plans
and Procedures , Qua lity Assurance Provisions of specifications ,
etc.) identified?

• Are test points al l ocated to control and information flows which
are appropriate to the system definit ion being described ,
documented , and tested ?

• Have all test points been identified at the conclusion of the
Val id ati on Phase?

4.15.10 Prepare Specification Documentation: Block 12

• Have all requirements defined during BLOCK 3-11 been incorporated
Into the appropriate specification paragraphs as described in
Tables 2 and 3?

• Has supp lemental text been restricted and concisel y written as
described in BLOCK 12?
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• Has supplemental text been reviewed to identify any conflicts
between the text and the system requirements defined in BLOCKS3-11? Remove any confl icts in the text or reaccomplished analysisto resolve deficienci es.

4.15.11 Perform Traceability Analysis: Block 13

• Have all system requirements (functions , contra i nts , control and
information flows , etc.) been associated with primary and
secondary source reference?

• Have al l system requirements which have no source references
been eliminated ?
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APPENDIX A - GLOSSARY

Th is appendix consists of definitions of the major terms used throughout
this document and conc l udes with a list of acronyms and abbreviations.
The definitions are drawn from a variety of sources which are identified
at the conclusion of the definition section.

DEFINITIONS

Ac quisition Life Cycle - The five phases of system and related i tem
acquisition (Conceptual , Validation , Full —Sca le Develo pment , Produc ti on
and Deployment) with three key decision points (Program , Ratif ication ,
and Production Decisions) between each of the first four phases. A program
may sk ip a phase , have program elemen ts i n any or all other phases , or have
mult iple decision points per phase. (AFR 800-2) [1] (See also System!
Acqu isition Life Cycle). These phases are being redefined [12], [13].

And - Activities preceding the AND must be accompl i shed before the flow may
cont inue.

Au thenticate - The act of signifying (by the approval signature of a
res ponsible person of the procuring activity ) that the Government is
in agreement with the requirements contained in the specification.
Authenticat ion by the procuring activity normally will be accompl i shed
on that issue of the specification which is to be the contractual
requirement for the baseline which that particular specification defines
(MIL-STD -483 (USAF ) paragraph 3.4.9). [2]

Ava ilability - The degree to which the system shall be in an operable
and commit table state at the start of the mission (s) is called for at an
unknown (random) point in time [3]. Reliability and Maintainability are
interrel ated . The formula used to express this relationship is:

A = 
MTBF

MTBF MTTR
where

A = Avai la bi li ty +

?4TBF = Mean T i me Between Fa i lure
MTTR = Mean Time to Repair

A figure of merit such as Availa bility is much more meaningful when
appl ied to systems that operate continuously rather than the use of
MTBF. [1] (See also Reliabilit y and Maintainability )
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Ba se L i n e  - A configuration identification document or a set of such
Iocume~ff~~formall y desi gnated and fixed at a specific time during a Cl ’ s
lif e cycle. Base li nes , plus approved changes from those base lines ,
constitute the current configuration identifi cation. For configuration
management there are three base lines , as fol lows :

a. Functional Base lin e. The initial approved functional config-
uration identification.

6. Alloc ated Base line. The initi al approved al l ocated configur-
ation ident i f icat ion.

c. Produc t Base line. The initial approved or condi tionally
approved product configuration identification. (DOD Directive.
5010.19).[4]

C ivil Engineering - This term refers to the Air Force civil engineering
funct ions as they rel ate to the des ig n, construction maintenance , and
operation of facilities necessary to support the acquisition and operation
of a system or a major modificat ion prog ram. The impact of the various
technical functions on Air Force civil engineering functions must be
cons idered throughout the process of developing and acquiring a supportab le
and cost -e f fec t i ve  system. C iv i l  engineering requirements are der i ved as a
part of the systems engineering process (see AFM 86-1). (See also
Eng ineering Management). [6]

Co~puter Program - The computer program as it pertains to configuration
management is a configuration item defined as a deck of punched cards,
magnetic or paper tapes , or other physical med ium containing a sequence of
instructions and data in a form suitable for insertion i nto a computer.
Computer programs used for adm inistrative purposes and those not associated
with system/equi pment managed by AFR 65-3 are controlled by AFR 300-2.
(See definition under Software). [5]

Compu ter Program Component (CPC) - A CPC is a functionally or logical ly
distinct part of a computer program configuration item (CPCI) distinguished
for purposes of convenience in designing and specifying a complete CPC I as
an assembly of subordinate el ements. [5], [7] 

+

Coi~puter Proyraii~ Configuration Item (C PCI) - The computer program as it
pertains to configuration management is a configuration item. A CPC I is
defined as a deck of punched car ds , magnetic or paper tapes , or other
physical med i um containing a sequence of instructions and data in a form
suitable for insertion into a computer. (See also Computer Program) [8]

Computer Pro 9ram Development Plan (CPDP) - The CPDP i s the plan which
i dentifies the actions required to develop and deliver computer program
co nfiguration items and necessary support resources. It is prepared by the
implementing command or ,if the development effort is contracted , the plan
may be ~repared by the contractor and approved by the imp lemen t ing
command . (AFR 800-14 , Vol  I I )  [9]

Compu ter Program Development Specification - Also called Computer Program
Configura tfon Item Specification , MIL-STD-483 (USAF), see Type 85.
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C omputer Program Li fe C cle - The sequence of activities grouped into
phases that characterize the typi cal process of softwa re production and
use. The phases are

Anal ys i s Phase
Des i gn Phase
Coding and Checkout Phase
Test and Integration Phase
Ins ta l l a t i on  Phase
Operation and Support Phase

A part icular computer program w i l l  undergo these phases at least once
during the system acquis i t ion l i fe  cycle , however , this may occur entirely
‘n one phase of the system acquisition life cycle (e.g., a mission
simulation computer program in the conceptual phase ) or over several system
acquisition phases (e.g., a mission application program developed over the
va l idat ion , full -sca le  development and production phases). See AFR 800-14
Vo lume II , Section 2—8 , for further discussion of the computer program life
cycle in the system acquis i t ion l i fe cycle. [8]

Concept of Operations. A verbal or written statement , in broad outlin e , of
a commander ’s assum ptions or intent in regard to an operation or series of
operat i ons. The conce pt of operat i ons frequent ly is embod i ed in campaign
plans and operation plans , i n the la tter case par ti cularly when the p lan
covers a ser i es of connec ted opera ti ons to be carr i ed out s i mul taneousl y or
in succession. The concept is designed to give the overal l picture of the
operation. It is included primarily for additional clarity of purpose and
is trequently referred to as commander ’ s conce pt. (Source: JCS Pub. 1)
[13].

Conce p tual P hase - The in i t ia l  period when the technical , mil i tary , and
economic bases for acquisition programs are established thr ough
comprehensive studies and experimental hardware development and evaluation.
The outputs are alternative concepts and their characteristics (estimated
opera ti onal , sche du le , procurement , cos ts , and support parameters ) which
serve as inputs to the Decision Coordinating Paper (DCP) on major systems ,
Program Memoranda (PM) on smal le r  systems / equipment , and to HQ USAF
decision documents (Program Management Direct ives) for programs that do not
requ ire OSD decisions. (AFR 800-2) [i] (see also Acquisition Life
Cycle

Confi guration — The functional and/or physical characterist ics of hardware/
software as set forth in technical documentation and achieved in a product.

+ 

(DOD Di rect ive 5010.19) [4]

Configurat ion Control - The systematic evaluat ion , coordination, approval
or d isapp rov a l , and imp lemen ta t i on  of a l l  approved changes in the
configuration of a CI after formal estab lishment of its configuration
identification. (DOD Directive 5010.19) [4]

Conf iguration I tem (CI) - An aggregation of hardwa re/computer programs of
any of i ts discrete portions , wh ich satisfies an end—use function and is
designated by the Government for configuration management. Cis may vary
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widel y in c osnplex it~ , Size Jnd type , from an airc raft , e1 ectron ic or sh ip

~~sten to +~ test meter or round of ammunition. During development and
oa nufact u re of t he  in i t i a l  ( prototype) production configuration , CIs are
those s~- e c i t : c a t i o n  l teii: s whose funct ions and perfo rmance parameters must
be de fi ned (specified) and controlled to ach ieve  the ove ra l l  end -use
f u nc t io n  and performance. Any item required for log ist ic support and
des iyn~ted for separate procurement is a configuration item. (AFR 65 -3)
[1] The th i rd  level in tl~e functional hierarchical structure. (See also
Sy Ste ! - ~e~nent , Functional Area , and CII I)

C o n f i y u r a t i o n  Man a em e nt - A d i s c i p l i n e  a p p l y i n g  t e c h n i c a l  and

~~~~r i is t ra t ive  i rec t ion  and survei l lance to (1 ) identify and document the
func t iona l  and p h y s i c a l  c h a r a c t e r i s t i c s  of a con f i gu ra t i on  item , ( 2 )
control changes to those character is t ics , and (3)  record and report change
process iny and implement ation s t atus.  (DOD D i rec t ive  5010.19 , AFR t~5-3 ,
AFR ~OO-3~ [4] , [b ]  (See also Engineering Management)

Constraints - Performance Requirements , Physica l Requirements , Operabi l i ty ,
Test Requ irements , and Des i ~n Requ irements.

Con t rac to r  - An i n d iv i d u a l , p a r t n e r s h i p , company , c o r p o r a t i o n , or
assoc ia t ion  having a contract w i th  the procuring act iv i ty  for the design ,
development , design and manufacture, maintenance , modif ication or supply of
items under the terms of a contract. A government act iv i ty  performing any
or a l l  of the above a c t i o n s  is cons idered  to be a con t rac to r  for
canfi gurati  on management purposes. [4]

Control Flow (a lso cal led Functional F low)  — The descr ipt ion of the logical
f low in w hich the syst.ei~- funct ions are accompl ished in order to control
the syste m functions and sa t is f y the operat ional requirements. The control
f low indicates only the re la t ionship  between system functions and does not
impl y any l apse  in t im e or i n te rmed ia te  a c t i v i t y .  Cond i t i ons  which
determ ine the f l o w  d i r e c t i o n s  are descr ibed  us ing the con t ro l - f l ow
rel ationships: SERIES, AND , OR , and UTILIZES.

D e c i s i o n  Coo rd ina t i n g  Paper  (DCP~ - The p r inc ip le  document to record
essent ia l  system program information for use in support of the Secretary of
Defense/Sec retary of the Air Force decision making process. A DCP intended
for final approval by the Secretary of the Air Forc e is called an Air Force
Decis ion Coordinating Paper (AFDCP). (Ref : AFR8 00-2 ) [13]

- Operational need minus ex is t ing and planned capabi l i ty. The
degree of inability to successfully accom p l i sh one or more mission tasks or
functions required to achieve mission or mission area obj ectives.
Deficiencies might arise from changing mission objectives , opposing threat
systems, changes in the environment , obsolesence , or depreciation in
current m i litary assets. [13]

Dependabi~j~y - Dependability addresses the issues of system survivability ,
v u l n e r a b i T i t y  ( S / V )  and external electromagnetic interference.
Surv ivab i l i t y  is the ab i l i t y  of the system to achieve its Un SSIOn under the
conditions of a man-made hostile environment. In addition the system may

_ _ _ _ _  
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be required to operate under the conditions of interference from external
el ectromagnetic sources (Electromagnetic compatibility ) as well as operate
under threat of possible electronic countermeasures (ECM) such as spoofing
and jamming.

Dep l oyment Phase - The period beginning with the user ’ s acce ptance of the
f irst opera ti onal unit and ex tendi ng unt i l the system i s phased out of the
inventory . It overlaps the production phase. (AFR 800-2) [1]

DERIVES - Th i s relat i onsh ip i ndi ca tes that a funct ion on the pat h deri ves
ei ther external information (external output ) or internal system
information (internal output ) as part of its activit ies. (See also
Information Flow )

Des ign and Construction - Minimum or essential requirements that are
not controi red by performance characteristics , i nterfac e requ i rements , or
referenced docum ents shall be specified . They shall include appropriate
design standards , requ i rements govern i ng the use or selec ti on of mater i als ,
parts and processes , i nterchang eab i li ty requi rements , safety requirements ,
and the like. Requirements for materials to be used in the item or service
cove red by the specif i ca t ion shall be state d , except where it is more
practicable to include the info rmation in other paragraphs. Requirements
of a general nature should be fi rst , followe d by s pec i f i c requ i rements for
the material . Definitive documents shall be referenced for the material
wt en such documents cover mater i als of the requi red quality . [3]

Des ign Eng ineering - This function uses the technical information
(requirements , goals , criteria , cons tra i nts , etc.) devel oped through the
systems engineering process to devel op detailed design approaches , design
solut ions , and the test procedures to prove these solutions . [6] (See
al so Engineering Management)

Design Requirements — The minimum or essential design and construction
requirements wh ich are not addressed by other constraint requirement
types: performance, physical , operability, and test requirements. During
the initial phases of systems requirements engineering , certain desi gn
and construction standards (see Design and Construction ) may be specified
directly or by reference to other specifications or standards. As the
system develo pment conti nues , engineering analysis and trade study results
(as well as other engineering activities such as prototypi ng and
simulations) may indicate the need for additional design constraints which
are practicable and necessary for the system ’ s operation and ma intenance
(O&M).

Develo pment (Part I or Type 85) Specification - A document which specifies
the requirements peculiar to the design , d evel opmen t , func ti onal
performance , test , and qualification of the configuration item. It
establishes performance criteria and test criter ia for which the program
shal l be designed/ developed [MIL-SrD-483 (tJSAF)]. [7] (See also Type B
Specification and Specifications)
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Develo pment Test & Evaluation (DT&E) - That testing and evaluati on of
individual components , subsystems , and , in certain cases, the complete
system , wh ich is conducted predominantly by the contractor. [7]

D i s c r e t e  Event S imu la t i on  — On the sys tem level , a discrete event
simnuT~~ion may be utilized to support computer system studies. A disc rete
event simulation is one in which information blocks and computer program
t iming can be replica ted al low i ng evaluat i on of throughput ca pabi li ty and
identification of potential design prob l ems. This type of simulation is
used to check the software design for possible discrepancies that might
cause the system to be saturated as a result of either information
overloa ds or time responses that are slowe r than required . These studies
provide estimates of coi puter sizing and timing for the processing
requirements and they evaluate the real-time computational conflicts ,
inc l ud i ng the effects of i nterrupts. [93 (see also functional simul ation , 1-I
Scientific Simulation , Engineering Simulation )

Elec tromagnetic Compatib ilitj (EMC) - Defined as “the capab ili ty of an
equipment , com ponent , subsystem or system to operate i n i ts operational
el ectromagnetic environment at design levels of efficiency, without causing
or suffer ing unacceptable degradation due to electromagnetic interference.”
The app l ication of approved EMC standards in the development and
procurement of equ i pment is required by AFR 80-23 (para 6d). [1] Where
app l ica b le , requ i rements pertaining to electromagnetic radiation shall be
stated in terms of the environment which the item must accept and the
env ironment which it generates. [3]

Elec tronic Warfare (EW) - The mission capability of Command , Control &
Commun ications systems is continually threatened by the possibility of
electronic coun termeasures (ECM) such as spoofing and jamming. Potential
adversaries put a high emphasis on ECM and have a constantly improving
ECM technology base. To be responsive , each Comman d , Control &
Commun ications system concept must have as littl e potential for ECM
exp loitat ion as possible , elec tronic counter -counter measure (ECCM)
technology base must be vigorous , and incorporation of ECCM into systems +

must be timely. [1]

~~~i neering Change - An alteration in the configuration i tem or items ,
delivered , to be delivered , or un der development , af te r  formal
establishment of its configuration identification. [4]

Eng i neering Change Proposal (ECP) - A term which includes both a proposed
engineering change and the documentation by which the change is described
and suggested . [4]

Engineer ing Management - The management of the engineering and technical
effort required to transform a military requirement into an operational
system. It includes the system engineering required to define the system
performance parameters and prefered system configuration to satisfy the
re qu i remen t , the planning and control of technical program tasks ,
integration of the engineering specialties , and the management of a totally
integrated effort of design engineering, spec ialty engineering, test
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engineering, logistics engineering, and production engineering to meet
cos t , technical performance and schedule obj~ .tives. The engineering
management task of the government program office assures that the technical
func ti ons i n the prog ram off ice are properl y planned and implemented , and
tha t the techn i cal func ti ons performe d under con t rac t are tai lore d ,
mon it ored , and controlled to best meet the needs of the system or program .
These func tions (together with certain supporting functions) are : Systems
[ny i neer~j~9 (includin g Requirements Eng ineering ), Design Engineerin g,
Spec ialtX Engineering, Test Enyineer i,~~~ Production Engineering, Logistics
Engi neerin g, Civil Eng inee rin ,~~ Human Factors Eng i neering , Confi guration
Mana gement, Technical Data Control , and Technical Program Planning and +
Control. [10]~

Engineering Simulation - Engineering simulation is a further refinement of
the sc ientific simulation in which the final software design is evaluated
by driving this software with realistic input data generated from
representative scenarios. These simulations , executed on a general purpose
computer , are characteristic of the types of tool s needed in system and
software requiremen ts definition and evaluation. [9] (See also functional
s imulati on , discrete event simul ation , scientific simul ation)

Env i ronmental Conditions - Lnvironments that the system or equi pment is
ex pec ted to ex per i ence i n sh i pment , s tora ge , serv ice , an d use. The
follow ing subjects should be considered for coverage: natural environment
(wind , ra i n , temperature , etc.); induced anvironment (motion , shock , no i se ,
etc.), el ectromagnetic signal environment; shipboard magnetic environment;
and environmental conditions due to enemy action (over-pressure , blast ,
underwa ter ex p los i ons , radiation , etc.).

External Interface — (Also called Intra—System Interface). The interfaces
between the system being specified and other systems with which it must be
compatible. [3] (See also Interface)

Formal Qualification Tests (FQT) - A formal test conducted in accordance
with the~~ ir Force-approved test plans and designed to be a complete and
comprehensive test of the CPC I prior to FCA. It is conducted after the
design process culminates (AFR 80-14, Vol . II). [7]

Full-Scale Developmen t Phase (FSD) - The period when the system/equipment
and the principal items necessary for its support are designed , fabricated ,
tested , and evaluated. The intended output is , as a m i n i mum , a
preproduction system which closely approximates the fina l product , the
documentation necessary to enter the production phase , and the test results
wh ich  d emons t rate that  t he p roduc ti on p ro d uct w i ll mee t s t a t e d
requi rements. (AFR 800-2) [1] (see also Ac quisition Life Cycle )

Function (Functional Requirement Set , Functional Requirements) - A function
is a discrete activity within a system. The functional requirements
represent the total discrete system activities required to ach ieve a
specific objective , this is most often referred to as the missio n
objective. A functional requirement identi fies what must be accomplished
without i dentifying any aspect concerning the means such as hardware ,

~~~~~~~~~~~~_ _  _ _ _ _ _ _ _ _ _
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computer prog rams , personnel , fac ilities , or procedural data. Functional
requ i rements represent a problem statement devoid of any overtones or
specifics regarding real or conceptual solutions which satisfy any or part
of the needed functions. +

Note 1: Functions take on diffe rent meanings within the three types of
system documentation as required by MIL-STD-483 (USAF). Type A
specification functions are defined for the system as a whole as defined +

above. Type B5 specifications define CPC I function to incl ude the inputs ,
processing, and outputs. The Computer Program Components (CPCs) of th~Type CS specification may correspond to the functions in the Type 85
specification , if the B5 requirements satisfy the computer program
developer ’ s design approach. (See [11], para. 4.3.1 and Appendix A4)

For the purpose of requirements engineering, functions are defined to be
the same as Type A Specification functions. In documenting functions in
Type B5 specifications , the associated inputs and outputs are included .

Note 2: The rev i sed AFR 57-1 provides a slightly different definition of a
function: The action for which a system or equipment i tem is special ly
fitted or used . [13]

Functional Analysis - System functions and sub-functions shall be
progressively identified and analyzed as the basis for identify ing
al ternatives for meeting system requirements. System functions as used
above include the mission , test , production , deployment , and support
functions. All contractually specified modes of operational usage and
support shall be considered in the analysis. System functions and
sub-functions shall be devel oped in an iterative process based on the
resul ts  of the m i ss i on analys i s , the derived system performance
requ i remen ts , an d the synthesis of l ower-level system elements.
Performance requirements shall be established for each function and +
sub-function identified. When time is critical to a performance
requirement , a time line analysis shal l be made. [10] (See also Systems
Engineer i ng)

Functional Area - A distinct group of system performance requirements
which , together with all other such groupings , forms the next l ower level
break down of the system on the basis of function. [4] The second level in
the functional hierarchical structure. (See also System Segment , CI and
CPCI)

Functional Characteristics - Quantitative performance , operat ing and

L 

logistic parameters and their respective tolerances. Functional
characteristics include all performance parameters , such as range, speed ,
lethal i ty , rel iability , maintainability , and safety . (DOD Direct ive
5010.19) [4]

Functional Hierarchical Structure — This form of organization is suited
for structuring system functional requirements in a logical arrangement of
subordinate discrete activities which must be performed. The functions of
the system are grouped into higher level s of organization representing the
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first possible breakout of the system . Upper-level functions are refined
by the identification of subordinate levels. Each level of the hierarchy
is limited to six functions or less. (See also Systemn Segment , Functional
Area , Configuration Item , Computer Program Configuration Item)

Functional Performance - The ability of the software to satisfy its mission
requirements as allocated from the System Specification and as
contractually specified in the Devel opment Specification. [2]

Func t ional Requ i rements - see Function

Functional Simulation - A functional simulation generally consist s of a set
of building bl ocks which functionall y define the basic el ements of the
system such as the sensor models , aircraft dynamics , navigation , weapon
delivery , and the environment. This type of simulation is used to analyze
performance in support of system requirements definition. To support this
analys is activity , the simulation may be utilized to generate mission
scenarios in order to eval uate system performance parameters and tradeoff
studies associated with various system element s, such as the sensors , etc.
[9 ] (See a lso d i sc re te  event s imu la t ion , sc ien t i f i c  s imu la t ion ,
engineering simulation)

Government Furnished Property (GFP) - Contracts may require the use of GFP ,
either as end item design requirement or as a part of the system. In such
cases , a schedule is inc l uded in the contract for delivery of the GFP to
the contractor at a date permitting his eval uation for serviceab ility
before it is needed for instal l ation. Engineering data on the GFP must be
provided at a date which permits the contractor ’s engineers to incorporate
it , or the interface with it , into the design of the system. [1]

Human Engineering - Human Engineering is usually a contractor design and
review process that interacts w i th ot her p rocesses suc h as mission +

+ requirements analysis , functional analysis and requirement allocation , the
development of workspace mocku ps , equipment detail design , test and
evaluation , etc. (MIL-H-46855A applies.) The contractor is tasked to
identify and investigate areas where interactions of human performance and
other elements of the system are critical to the system-effectiveness. The
contractor ’ s end task is to translate controller/situation , human !
information and man/machine functional interface requirements into human
engineering design criteria for incorporation into system , equipment ,
software and facility specifications and del i vered products. [1] (See
al so Human Factors Engineering)

Human engineering requirements for the system/item should be described
in specifications and applicable documents (e.g. , MIL-STD-1472) included
by reference. The specifications should al so specify any special or unique
requ i rements , e.g., constraints on allocation of functions to personnel ,
and communications and personnel/equipme nt interactions. Included , should
be those spe ci f ied areas, s ta t ions , or equipment that require concentrated
human engineering attention due to the sensitivit y of the operation or
criticality of the task , i.e, those areas where the effects of human error
would be particularly serious . [3]
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Interfaces between software and the user should be specified in the
Development (Part I) Spec i fication . Input s and outputs should be self
explanatory , easy to learn and understand , unambiguous , and designed to
avoid misinterpretation . [2]

Human Factors Engineeriny - This function is a part of the mainstream
engineering effort throughout the system life cycle. It uses data from ,
and contributes to , the system engineering process in devel oping a best
mix of specification requirements. Its objective is to ensure that the
human component of the system can safely and effectively operate , maintain ,
support , and control the system in its intended operational environment .
It is al so concerned with providing eng i neering data for use in hardware ,
so ftwa re , or people cost-effective trade studies , and with developing plans
for training and training equipment (see AFR 800-15). [6] (See also
Engineering Management and Human Engineering)

Imp l ementing Con~tiand - The command or agency designated by Program Manage-
ment Directive (PMD) as responsible to achieve the program objectives or
program phase objectives establ i shed in the PMD. (Ref: AFR 800-2) [133

The Air Force command responsible for the acquisition of the system
(subsystem or i tem). The procuring activity is usually resident wi thin the
Im plementing Command . Program management responsibil ity normally is
transferred to the designated supporting command according to a
predetermined agreement. Similarly, the responsibility of system operation
and maintenance is turned over to the usin~~conEiand. [8]

I nformation Flow - The description of the flow of info rmation into , within ,
and out of the system . The infor mation flow builds upon the 1/0
hierarchical structure by providing a means of analyzing the system as an
information processing system. During this analysis , the flow
relationships between external system input s and resulting outputs are
identified. This method permits the various relationships between
associated functions and the internal information necessary to support the

+ derivation of the output to be identified . The fl ow associations between
system information are described using the information—fl ow relationships :
USES , DERIVES , UPDATES , PROV IDES, and RECEIVES. The informational fl ow
in dicates onl y the relationship between system functions , system
in formation (external and internal system I/O), and using activities
(organizations , operational units , or positions) and does not imply any
lapse in time or intermediate I/O being used , derived , or updated.

Initial ()jicrational Capability (IOC ). The first attainment of the

~~5~bT1Tty to employ effectivel y a weapon , item of equipment , or system of
approved specific characteristics , and which is manned or operated by an
adequa tely t ra i ned , equipped , an d supported militar y unit or force.
(Source: JCS Pub. 1) [13]

I/O Hierarchical Structure - The logical hierarchical description of the
discre te systeimi inputs and outputs (external I/O ) and the internal infor-
mation requ i rements necessary for the system ’s operation. The emphasis

- 
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on the I/O structure is to arrange the information requirements into
structures by breaking the information into logical subordinate parts or
simply as groupings of informat ion. The well -organized structure is
effective in communicating the I/O requirements and for identifying missing
I/O requ i rements.

I n t e r f a c e  - The functional and physical characteristics required to exist
at a common boundary between two or more equipments/computer programs. +
Interfaces between equipment/computer programs provided by different
developing agencies (contractors), or between development items and
g o v e r n m e n t  f u r n i s h e d  p rope r ty  or e x t e r n al  system s , require explicit
documenta tion. [8] (See also External Interface and Internal Interface)

Life Cycle Cost (LCC). The total cost of an item or system over its full
life . It includes the cost of acquisition , ownership (operation , mainten-
ance , s .pport , etc.) and , where applicable , disposal . To be meaningful , an - 

-

express’on of life cycle cost must be pl aced in context with the cost
elements included , period of time covered , assumptions and conditions
applied , and whether it is intended as a rel ative comparison or absolute
expression of expected cost effects. (Source: AFR 800-11) [13]

Internal Interface (also cal l ed Inter—System Interface) - The i nterfaces
between and within the system being specified (e.g., between system
segments , functional areas , configuration items) [3] (See also Interface)

Life Cycle Cost Analysis - Life Cycle Cost Analysis is performed by the
contractor periodically throughout the acquisition to access the cost of
acquis ition and ownership. This effort results in an identification of the
economic consequences of system design alternatives. [10] (See also

+ 
Systems Engineering)

+ 

Logical Organizational Relationshi ps - Logical organizational relationships
are shown by structuring the discrete functions and the information require- +
ments (external and internal input/output ) of the system i nto hierarchical
structures : Functional Hierarchical Structure, and I/O Hierarchical Structure.

Logistics Engineering - T hi s  f u n c t i o n  p r o v i d e s  i n p u t s  to the  sys tems
engineering process in all acquisition phases. In general , these inputs
are the support environment descriptors and constraints. This function
uses the technical data devel oped by the systems engineering process to
refine the support plans , concepts , and requirements for System support in
the deployment phase and in opera tional utilization. The logistics
engineering function is a part of the mainstream engineering effort to
develop and achieve a supportable and cost—effective system. This function
uses the detailed drawings which are prepared by design engineer i ng to +
develop the specific support requirements ; that is , to develop such
specific support items as tool s, test equipment , personnel skills , and
maintenance procedures. (For other information concerning logistics
engineering responsibilities , see AFR 800-8 and AFP 800—7.) [6] (See also
Engineering Management )
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Logistics Support Analyses - The contractor is usually tasked to conduc t
logistic support analyses lead i ng to the definition of support needs (e.g.,
main tenance equi pment , personnel , spares , repair parts, technical orders ,
manuals , transportation and handling , etc.). These analyses address all
levels of opera tions and maint enance and results in requirements for
support . [10] (See also Systems Engin eering)

Maintainabilit y - Closely related and inseparabl e from Reliabil i ty is the +

specialty , Maintainability. Maintainability is a characteristic of the
design and insta l la t ion expressed as the probability that an item will be
restored to a specified condition within a giv en period of time when the
maintenance is performed using prescribed procedures and resources. (See
al so Reliability arid Ava i lab i l i t y ) [I.] The rev i sed AFR 57—i emphasizes
the following definition: a measure of the time or maintenance resources
needed to keep an item operating or restore it to operational (or in the 

_ 

-

case of certain munitions , serv iceable) status . Ma intainabi lity may be
expressed as the time to do maintenance , as the total required manpower , or
as the time to restore a system to operational (or serviceable ) status.
(Source: AFR 80-5) [13]

Numerical maintainabi l i ty  requirements sha ll be stated in such term s as
mean-time-to- repair (MTTR ) or maintenance man- hours per flight/operation al
hour. Determination of real i stic requirements is necessary. Qualitative
requirements for accessibility , modU lar construction , test po i nts , and
other design requirements may be specif i ed as required . [3]

Specifications shall specify the quantitative ma i ntainability requirements.
The requirement s shall apply to maintenance in the planned main tenance and
support environment and shal l  be stated in quantitative terms. Examples
are :

a. Time (e.g. , mean and maximum downtime , reaction tinie , turnaround time ,
mean and maximum times to repair , mean time between ma intenance actions).

b. Rate (e.g., ma intenance manhours per flying hour , maintenance manhours
per specific maintenance action , opera ti onal ready rate , ma i ntenance
hours per operatin g hour , fre quency of preven tive maintenance ).

c. Maintenance comp lexity (e.g., number of peopl e and skill levels ,
variety of support equipment ).

d. Ma intenance action indice s (e.g., maintenance costs per operating hour ,
manhours per overhaul). [3]

Maintainab i lity as app lied to software is specifi cation , design , and
deve lopment of code in a manner which facilitates the task of mod i fication
to correct deficienc ies and to satisfy new or changing requirements. A
potential source of confusion exists regard i ng subtle distinctions between
the hardware and software definition of niaintain abi li ty . Hardware
maintenance is the restoration of hardwa re to its original design , whereas
software ma intenance is defined as both error correction and modification
of the ori ginal design (both of which imply change rather than restoration)
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Since there is little chance that the usage of either set of definitions
wi l l be discontinued , the procuring agency should bear these differences in
mind when participating in the establishment of maintainability criteria
for the total system. Software maintenance features in terms of growt h +
requirements may be specified in the Development (Part I) Specification.
Additional features suc h as modularity should be requested in the RFP , 

+

responded to in the CPDP , and implemented by the contractor in the design ,
and reflected in the Product (Part II) Specification. [23

Maintenance Concept. A description of maintenance considerations and
constraints. A preliminary maintenance concept is developed and submitted
as part of the prel iminary operationa l concept for each alternative
solution candidate by the operating command with the assistance of the
imp l ementing and supporting commands. The preliminary maintenance concept
is refined during the demonstration and validation phase to become the
system maintenance concept during full scale engineering development
(FSED). During FSED , the system maintenance concept is expanded in scope
and detail and removed from the system operational concept to become the - •

maintenance plan. (Source: AFR 66—14) [13]

Milestone Zero Decision. The program initiation decision by competent
authority that valid mission need exists and alternative solut ions should
be systematically and progressively identifie d and expl ored . Secretary of
Defense approval of the need is required to initiate major system
acqu i stion programs. Secretary of the Ai r Force approval is required to
initiate Air Force designated acquisition programs (AFDAP). HQ USAF
approval by PMD is required to initiate all other acquisition programs.
[13]

Mission Area. A segment of the defense mission as established by the
Secretary of Defense. (Source: AFR 800-2) [13]

M ission Area Analyses. Continuous analysis of assigned missio n
responsibilities in the several mission areas to identify deficiencies in
the current and projected capabilities to meet essential mission needs and
to identify opportunities for the enhancement of capability through more
effective systems and less costly methods . Missions area analysis should
conform with short , mid , and long range planning guidance. The obj ect ives
of mission area anal ysis are to identif y capability deficiencies and assess
the relative values of operational needs. [13]

Mission Area Planning . A continuous HQ USAF and command planning activity
which directs and coordinates mission area anal ysis and uses the produc t of
that analysis to hel p make prog ram , budget , modification and acquis ition ,
force structure , strategy and tactics decisions. [13]

M ission Element. A segment of a mission area critical to the accompl i shment
of the mission area objectives and corresponding to a recommendation for a
major system or designated non-major system capability as determined by the
Air Force. (Ref : AFR 800-2) [13]
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M ission Element Need Analysis (MENA ). A mandatory attachment of the SON
which ci tes the command mission and tasks , documents of the salient results
of the mission analysis which identified the operational deficiency, sta tes
comman d need s for m i ss i on task performance , and provi des cons tra i nts on
acceptable solutions. [13]

Mission Element Need Statement (MENS). A statement prepared by HQ USAF to
identify and support the need for a new or improved mission capability. It
i s norma lly base d on one or more SONs. The m i ss i on need may resul t from a
projected deficiency or obsolescence in ex i st i ng systems, a technolog i cal
opportunity , or an opportunity to red uce operating cost. The MENS is
submitted to the SECDLF or SAF as appropriate for a Milestone 0 decision.
(Ref : DOD Directive 5OOO .~~) [13]

Mission Reliability . A measure of the ability of a system to complete its
pl anned mission or function. Mission reliability may be expressed as
Mission Comp letion Success Probability (MCSP), Mean Mission Duration (MMD),
or as Mean Time Between Critical Failure (MTBCF) as appropriate . (Source:
AFR 80-5) [13]

Miss i on Re qui rements Anal ys is - Impacts of the stated system operational
charac ter i st i cs , mission objectives , threat , env i ronmental fac tors , m i n i mum
acceptable system functional requirements , techn i cal performance , and
system figure(s) of merit as stipulated , proposed , or di rec ted for change +
are analyse d daring the conduct of the contract. These impacts are
exam ined continually for validity , cons istency, desir ability , and
attainability with respect to current technology , physical resources , human
performance capabilities , lif e cycle cos ts , or other limitations . The
output of this analysis will either verify the existing requirements or
develop new requirements which are more appropriate for the miss ion. [10]
(See also Systems Lngineer ing and System Capability requirements)

Operabi~J~y. (Sometimes called System-Effectiveness or System Operational - -

Effec tiveness) - O perability includes system a v a i l a b i l i t y  and +

dependability. Availability incorpo rates the aspects of relia bility and
maintainability , dependability incorporates the aspects of survivabilit y
and vulnera bility (Sly). Each of these operability categories may be
inf luenced by design related issues , policy related impact , or non-
controllable factors.

Operating Coiiviand. The command or agency primarily responsible for the
operational employment of a system , subsystem or item of equipment. The
operating command usual ly submits the SON. The opera ti ng command i s a
participating command . (Ref: AFM 11— 1 . Vol I) [13]

Operational Concept. A statement about intended employment of forces that
provides guidance for posturing and supporting combat forces. Standards +

are spec ifi ed for dep loyment , organization , basing , and support from which
detailed resource requirements and imple menting programs can be derived .-
(Source: (AFM 11— 1 . Vo l 1 ) [13]
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influenc ing the system/equipment design. On the other hand , the manpower
agency may request program office support in determining the appropriate
mann i ng for a new or com p lex sys tem. In th i s case the prog ram off i ce can
task the contractor to perform studies for determ ining the man ;~ower
requirements. [1]

Physical Characteristics - Quantitative and qualitative expressions of
ma ter i al fea tures , such as compos it ion , dimensions , f in ishes,  fo rm , f i t ,
and their respective tolerances (POD Directive 5010.19) .  [4] These
characteristics in a development , product or material specification shall
set forth requirements such as weight limits , dimensional lim its , etc. ,
necessary to assure physical compatibility with other elements and not
determined by other design and construction features or referenced
drawings. They shall al so include considerations such as transportation and
stora ge requ i remen t s . security criteria , durability factors , health and
safety criteria , convian d contro l requiretlients , and vul nerability factors.
[3] (See also Physical Requirements)

Physical Requirements - Physical requirements are those requirements which
constrain or significantly influence the design solution in a physical
manner. The phys ical constraints inc l ude power , physical features (size
and weight), env ironm ental considerations (controlled or natural), human
performance capabilities and limitations (human factors), predetermined
internal system interfaces (inter-system i nterfaces) and external system
interfac ing (intra-system interfaces), use of ex isting equipment (off—the
shelf) and Government Furnished Property (GFP), and use of s tandard parts.
(See also Physical Characteristics)

Prel iminary Q ualification Tests (PQT) - A formal test conducted in
accordance with Air Force-approved test plans and designed to be ~n +

incremental process which provides visibility and control of the computer
program development during the time period between CDR and FQT. A PQT
shoul d be conducted for those functions which are critical to the CPCI (AFR
800-14, Vol . II). [7]

Procur ing Activity (Also cal l ed Procuring Agency) - The collection of
administrative , mana gement and technical expertise which is organized under
a program manager directly responsible for the acquisition of a system.
The term System Program Office (SPO) is used in the Electronic Systems
Div ision (ESO) of AFSC to designate a procuring activ ity responsible for a
large system acquisition. [8] (See also Program Office and Implementing
Command )

+ Production E~ jLneerin~ 
- T h is func t ion uses the techn i cal data develo ped L I

through the systems engineering process to develop the plans and procedures
for tool ing, ma ter~a ls , quality assurance , an d manufacturing. The
production engineering function is a part of the mainstream engineeri ng
effort to develop and achieve producible and cost-effective desig n
solut ions. (For other infor m ation concerning production engi neering
responsibil it ies , see AFR 800-9 ) [6] (See al so Engineering Management)
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Production Engineering Analysis - Production engineering analysis is an
in tegral part of the system engineering process. It includes producibility
analyses , production engineering input s to system effectiveness , trade-off
studies , an d life cycle cost analyses and the consideration of the
mater i als , tool s , test equipment , fac ilities , personnel , and procedures
whic h support manufacturing in RDT&E and production. Critical or special
producibi lity requirements are identified as early as possibl e and are an
input to the program risk analysis. Where critical or special production
eng ineering requirements limit the design , these requirements are included
i n app li cable s pec i f i cations. Long lea d ti me it ems , material limitations ,
trans ition from development to production , s pec i al processes , and
manufactur ing limitations are considered and documented during the system
engineering process. The contractor identifies and takes necessary steps
to reduce high—risk manufacturing areas as early as possible. [10] (See
also Systems Engineering)

Production Phase - The period from production approval until the last
system! equipment is delivered and accepted. The objective is to
efficiently prod uce and deliver effective and supportable systems to the
operating units. It includes the production and deployment of all
principal and support equipment. (AFR 800—20 [1])

Product Specification - A document or series of documents which contain the
detailed technical description of the CPC I as designed and coded. It is a
complete description of all routines , limits , timing , fl ow , and data base
character ist ics of the computer program , l imits , timing , fl ow , and data
coded instructions. Equ i valen t to “Part II CPC I specification ” or “Ty pe C5
Specification ” . [7] (See also Type C Specif ication and Soecif ications )

Program Managemen t Directive (PMD) - The official HQ USAF management
direct ive used to provide direction to the impl ementing and participating
commands and satisfy documentation requirements. It will be used during
the entire acquisition cycle to state requirements and request studies as
well  as in i t iate , approve , change , transi t ion , modify or terminate programs.
The content of the PMD , including the required HQ USAF rev iew and approval
act i ons , is tailored to the needs of each individual program. (AFR 800-2)
[1]

Program Managemen t Plan (PMP) - The document developed and issued by the
Program Manager which shows the integrated time- phased tasks and resources
required to compl ete the task specified in the PMD. It defines the support
requ i red from all participating organizations , is tailored to the needs of
each individual program , and con tains only that information deemed
necessary by the program manager. (AFR 800-2) [1]

Program Office (P0) - The field office organized by the program manager to
assist  him in accomp l ishing the program tasks. (AFR 800—2) (See al so
Procuring Act iv i ty ) [1]

PROVIDES - This relationship indicates that a using activity is the source
of the exter nal output . (See al so Information Flow)

+ 
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Qual ity Requirements. The term ‘ quality requirements ’ denotes system
requirements which are compl ete , consistent , testable , and traceable. This
characteristic is the result of the requireme nts being discretely
identified and well-organized . (see also Requirements Engineering)

RECEIVES - This relationship indicates that a using act iv i ty is the
rec i pient of the external output. (See also Info rmation Flow)

Reliability - As defined in AF Regulation 80-5 , Reliab il ity and
Maintainability Prog rams for Systems , Syb sys tems , Equipment , and Munitions ,
Reliability is the probability that a part , com ponen t s , su bassembly,
assembly, subsystem or system will perform for a specified interval under
stated conditions with no malfunction or degradations that require
corrective maintenance actions. Hardware reliability may also be expressed
in tertiis such as Mean Time Between Failure (MTBF) or Mean T i me Between
Ma i ntenance Ac ti on. [1]

Rel i a F’il ity requirements shall be stated numerically w ith con fidence
level s, as appropriate , i n terms of mission success or hardware mean time
between failures. Initially, reliability nay be stated as a goal and a
l ower m inimum acceptable requirement. During contract definition , or
equivalent period , realistic requirements shall be determined and
incorporated in the specification with requirements for demonstration.
Rel ia bi lit y re qu i remen ts shal l  never be st a ted as a goal i n Typ e C
(product) speci fications. [3]

Reliability is a difficult and perhaps inappropriate term when applied to
software because this item has an entirely different meaning for hardware.
Since a computer program never wears out it is v irtually impossible tc
predict or analyze failure rates. Any failure of the computer program is a
latent design deficiency and its occurrence canno t be adequately predi c ted .
In this respect a computer program cannot be designed for reliability and
cannot be tested or evaluated for re liability. Reliability should not
app ly to computer programs as end items although the computer program s may
be used to enhance system reliability . [2] (See also Availabilit y and
Maintainability )

Required Operational Capability (ROC) - The ROC id enti f i es the need for a
new or improved operational capability. The formal numbered document used
under previous editions of AFR 57-1 , (27 Nov 1963 through 31 Aug 1977) to
identify an operational need and to request a new or improved capability
for the operating forces. [13] Once the ROC is validated by HQs USAF ,
the PMD , which authorizes AFSC to establish a Program Office cadre , is
issued . [2]

Requirements Allocation - ~ach func tion and sub-function shall be allocated
a set of constraint requirements. These requirements shall be derived
concurren tly with the development of functions , time~• l ine analyses ,
synthesis of system design , and evaluation performed through trade-off
studies and system! cost effectiveness analysis. Time requirements which
are prerequisites for a function or set of functions affecting miss ion
success , safet y, an d availability shall be derived. The derived
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requ i r om ents  sha l l  be s ta ted  in s u f f i c i e n t  de ta i l  for a l l o c a t i o n  to
hardware , computer programs , procedural data , faci lities , and personnel .
When necessary , special skills or peculiar requirements will be identified .
Al l ocated requ i rements shal l be traceable through the analysis by which
they were derived to the system requirement they are designed to fulfi l l.
[10] (See also Systems Engineering)

Requ irements Analys is  — (See Requirements Engineering)

Requirements Definition - (See Requirements Engineering )

Requirements Engineering - An iterative process of defining the system
requirements and analyzing the integrity of the requirements. This process
involves all areas of system development preceding the actual design of the
system . The products of the requirements engineering process can be
evaluated for completeness , consistency , testability , and traceability .
The essential goal of requirements engineering is to thoroughly evaluate
the needs which the system must sat isfy . (See also Engineering Management)

Requirement Types - See System Requir ements

Requirements Traceability - See T r a c e a b i l i ty

Safety - Requirements for system safety are described to preclude or limit
hazard to personnel , equipment , or both. To the extent practicable , these
requirements are imposed by citing established and recognized standards.
Limiting safety characteristics peculiar to the item due to hazards in
assembly, disassemb ly, test , transport , storage , operation or maintenance
are stated when covered neither by standard industrial or service practices
nor the system specification. Fail -safe and emergency operating
restr ict ions are included when appl icable. These include interlocks and
emergency and standby c i rcu i ts  required either to prevent injury or provide
for recovery of the item in the event of failure. [3] (See also System
Safety )

Scientific Simu lation - Scientific simulation is the primary simulation
used in detai led computer program requirements definit ion and algorithm
design. Scient i f ic  simulation consists of a functiona l simulation (for
exampl e , FORTRAN version) of the proposed end-item software , interfaced
with simulations representing sensor and environmenta l models. Such a
scientific simulation allows the study of the major end—i tem software , and
provides further info rmation to be used for system performance evaluation.
[9] (See functional s imulat ion , d screte event simulat ion , engineering
~imul ation)

Segment - (See System Segment)

S i m u l a t i o n  - See Funct ional S imu la t ion , Discrete  Event S imula t ion ,
Scientific Simul ation , Engineering Simul ation.

Software - Software denotes computer programs and computer data.  A
computer program is a series of instruction s or statements in a form
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ac Leptab le to a computer , designed to cause the computer to exec ute an
operation or operat i ons. Computer programs i rid ude operating systems ,
assemblers , compi lers , interpreters , data Ud utenance/diagnostic progran~s
as w e l l as appl i cations programs such as payro ll , inventory contro l ,
operational flight , strateg ic , tactical automatic test , crew s i mula tor , and
eny neer i rig aria lys is. Computer programs may be either machi ne- dependent or
machine - i ndependent , and may be general -purpose in nature or be designed to
‘.at i sfy  the requirements of a special  ized process or particul ar users.
Computer data is a collection of data in a form capable of being processed
and operated on by a computer , such as a data base , or analog or digital
inputs to a computer program that are necessary for its operation. [2],
[
~
] (Sec also Com pu ter Program)

Sj~ec ial it y Ln~~ rreer in~ — T h i s  term refers to the engineering efforts
of reliabi l ity , maintainability , safety , surv ivability , vulnerability ,
co r ros ion  prevent  ion , s t ruc tu ra l  i n t eg r i t y , etc .  These eng i nee r iny
functions are part of the mainstream engineering effort to develop a best
mix of s p e c i f i c a t i o n  requ i rements  and ach ieve  c o s t — e f f e c t i v e  des ign
solut ions.  [ 6 ]  (See also Iny ineeriny Management)

~j~~c i f i cation (See also Systems Eng ineering ) - A document intended
pri marily for use in procurement , which clearly and accurately describes
the essential technical requirements for items , mate r ia l s  or se rv i ces
including the procedure s by which it w i l l  be d e t e r m i n e d  that  the
requirement s have been met. (I)OD Direct ive 4120. 3) [4] MI L —S Tl)—49() and
M1L — ST D — 4~ 3 Spec i t i c a t i on  ty pe s are:

~~stem sJ~ec if  i cat ion. A doc ument which st ates the techn i cal and
miss fon requirem ents for a system as an entity , a l locates requirements
to functional areas (or confi guration items ), and def ines the
interfaces between or among the functional areas. (See al so Type A )
[4]

Develoj~~ n t s pec if icat io n .  A doc um ent app l icable to an item below the
system level whTch state s performance . interface , and other technical
requirements in sufficient detail to permit desi 9n , eng ineering for
Service use , and evaluation. (see also Type 13) [4]

Product spec if I cation. A document ~pp l i cab 1 e to a Firoduc t ion item
bel ow the system level which states i tern characteristics in a manner

it able for procurement , produc t ion and mcc ept anc e. (See a I SO
‘~

•
~e C) [4]

o eEit~fl Of (1 I(’ rat Ot l t I  I N ee(I (SON ) . A t orina I nliml)Crt’d doc ument used to
- - ‘ , , m t i  q e i a t  i onal deli cncy and state the need for a new or improved

f ’ n  1~ -\I forces. Oper ation al n eeds irc based on short t er m  and
- - mb n l i t  ~ obj cc fives and may result from a proj ec ted def ic iency

v e i n  ‘ x iS !  1 nq cap abilities , a technolo gi c al opportunity , or
• u re d  ;C e eperl t i ny/ support cost. It usu al ly beq i us

+ I I I! i l ( 1 U ( ’ 5 5  and is normal 1y toll owed by the concept . ual 
+

- • +~~~ n ; - v q r  l a t e  phase may fo l low.  Sati sfy i ny a SON wi 11
U ~rnh i n a t i e ii o I r c sc arc ii , dcv e 1 o pm en t , t e st
i s i t  1 en ef t oct s t hat w i ll enhance USAI forces
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~~ppo r t iny  Contuand - A command prov idi ng di rect support to a system or tes t
program . ExampTes include the Air Force Logistics Command (AFLC ) and the
A ir Training Command (ATC). See also implementing command and using
command. [8] The revised AFR 57-1 provides the followi ng definition: The
comm and assigned responsibility for providing log i stics support ; it assumes +
program managem ent responsibilty from the implementing command. The
supporting command is a participating command . (Ref: AFR 800-2) [13]

Synthesis - Sufficient prel iminary design is accomplished to confirm and
assure compl eteness of the performance and design requirements allocated
for detail design. The performance , conf ig urat i on , and arrangemen t of a
chosen system and its elements and the technique for their test , sup por t ,
and operation are portrayed in a suitabl e form such as a set of schematic
dia gramim s , physical and mathemat ical models , computer simul ati ons , layouts ,
detailed drawings , and similar engineering graphics. These portrayals
shall illustrate intra - and inter -system and item interfaces , permit —

traceability between the elements at various levels of system detail , and H
prov ide m eans for complete and comprehensive change control. This
por trayal is the basic source of data for developing, updating , and
com pleting (a) the system , configuration item , and critical item
specifications , (b) interfacing control documentation ; (c) consolidated
fac ility requirem ents; (d) content of proc edural handbooks , placards , and
sim ilar forms of instructional data; (e) task l oading of personnel ; (f)
operational computer programs ; (g) specification trees; and (h) dependent
el ements of work breakdown structures. [10] (See) al so System s Engineering)

System - A composite of i tems , assemblies (or sets), sk i l ls , and techni ques
ca pab le of perfo rming and/or suppo rti ng an operational (or non-operational )
role. A complete system includes related facilities , items , mater ial ,
serv ices , and personnel required for its operation to the degree that it
can be considered a self-sufficient i tem in its i ntended operational (or
non-operational ) and/o r support environment. (AFR 65-3) [1],[8],[4]

System Acquisition Process. A sequence of spec i fied decision events and
phases of ac tivity directed to achievement of established program
objectives in the acquisition of Defense systems and extending from
approval of a mission need through successful deploynient of the Defense
system or termination of the program. (Source: AFR 800-2) [13] +

System /Acquisitio n Life Cycle - N o r m a l ly ,  i t cons i sts of f i ve phases
(Conce ptual , Va l i d a ti on , Full -Scale Develo pment , Pro d uct i on , and
Deployment ) wi th key decision po i nts between each of the first three phases
(Program , Ratification , and Production Decisions). A program may ski p a
phase or have program elements in any or all other phases. (See AFR 800-2
and AFSCP 800-3) (See also Acquisition Life Cycle ) [1]

Sys tem Capa bi lity Requirements - The mi ssion oriente d need s wh ich the
system mus t perform to satisfy the requirements of the using agency. (See
al so M ission Requirements Analysis)

System/Cost Effectiveness Analysis - A continuing system/cost effectiveness
anal ysis insures that engineering decisions , resul ting from the rev i ew of
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al terna t i ves , are nia de only after considering their impact on system
effectiveness and cost of acquisition and ownership. The contractor is
tasked to identify alternatives which would provide significantly different
system effectiveness or costs than those based upon contract requirements.
[10]

System Design Concept. An idea expressed in terms of general performance ,
capabilities , and charac teristics of hardware and software oriented either
to operate or to be operated as an integral whole in meeting a mi ssion
need. (Source: 0MB Ci rcular A-109) [13]

Systems Engineering - The application of scientific and engineering efforts
to transform an opera tional need or statement of deficiency into a
description of system requirements and a preferred system conf i gurat i on
that has been optim i zed from a life cycle cost viewpoint. The process of
systems engineering has three principal elements: functional analysis ,
synthesis; and trade studies or cost-effectivess optimization. The process
uses a sequent ial and iterative methodol ogy to reach cost-effectivess
solutions. The technical information devel oped in this process is used to
plan and i ntegrate the engineering effort for the system as a whole , during
the definition , d e s i g n , test an d evalu t ion , production , deplo yment ,
support , and modification of a system or equipment item. (AFR 800-3) [1]
(See also Engineering Management )

System engineering for the total  system or a func tional area (system
el ement or segment) is normally vested in a single contractor or Government
agency. System engineering as it relates to configuration management , is
the applicat ion of scientific and engineering efforts to transform an
operat iona l need into a description of system performance parameters and a
system conf iguration must be ultimately called out in the CI
spec i fications. In this way , the system engineer ing agency or contractor
generates requirements for conf igurations which will satisfy the
operational need , constrained technically only by the content of the system
specification. The system engineering agency or contractor is responsible
for assessing the im pact of changes to CI specifications or to the system +
spec ification. This inc ludes modifications to operational systems. (See
MIL-STD-490 for system engineering criteria. ) [1]

The followi ng typical tasks are conducted (as appropriate) in performing +

system eng ineering (see separate definitions for each):

Mission Requiremen ts Analy sis
Functional Analysis
Requirements Al l ocation
Synthesis
Logis t ics  Support Ana lys is
Life Cycle Cost Analysis
Trade-Off Studies
Production Engineering Ana lys is
Specificat ions [10]
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Systeni Engineering Managenient Plan ~S E M P )  - A contractor ’ s proposal
describin g this approac h to system engineering management to be appl ied in
a specific acquisition contract. The SEMP normally consists of three major
parts: (1) System Eng i neering , (2) Technical program pl anning and control , +
and (3) Engineering integration. (MIL-STD-499A ) [3,5,8]

Sys tem Flow Rela ti onsh i ps - System fl ow rel ationships can be shown be 
+

organizing the discrete requirements in terms of control flow and +
i nformation flow. — +

System Requirements — System Functions and Constraints +

Sys tem Safe ty - U~fined by MIL-STD-882 to be the optimum degree of safety
wi thin the li n iits of operational effectiveness , time and cost , at tained
throu gh specific application of systeni safety management and engineering
pr i nciples throughout all phases of a system ’ s life cycle. It is very
im portant to realize that system safety is concerned wi th the safety of
both personnel and equipment. The application of this discipline to ensure
the preservation of equipment i mmediately expands its scope beyond that of
the traditional safety field , and establishes it as an engineering area.
As impl i ed above , the basic guid ance doc ument for sys tem safety is MIL-STD—
882, Systemi i Safety Program for Systems and Associated Subsystems and
Equipment: Requirements for. This is a very broad document and must be L
tailored to fit the individual program. The other basic document is AFR
127-8, Res ponsib i liti es for USAF System Safe ty Engi neering Prog rams , and 

+

the AFSC supplement thereto. This gives specific requirements to be
applied to niost programs. [1] (See also Safety)

Systems Operational Concept (SOC) - A fonnal document that describes the
intended pur pose , em p loyment , deployment , and support of a system. It
assists in identifying the variables associated with sati sfying the
operational need and provides initial guidance to operating forces for
em ploying the new or improved system. It provides information for
posturing combat forces and specifies standards for deployment ,
organization , basing and support from which detailed resource requirements
and impl emrienting programs can be derived . It must be compatible with long
ran ge Air Force goals and objectives and consistent with Air Force
strategy , force st ructure , conce pt s for the future employment of aerospace +
forces, and current and emerging doctrin. Prior to FSED , i t contains as
an integral part , the ma i ntenance concept prepared per AFR 66-14. [13]

System Segment - A discrete package of system performance requirements ,
functional interfaces and configuration items allocated to one developing
agency directly responsible to the procuring activity for that part of the
system ’s total performance. The termii “system segment ” can be syno nymous
with “ subsystem ii ” or “funct ional area” ; however , it need not be , and can
include part or all of more than one subsystem or functional area if all
are the responsibility of the samim e agency. [8] The first level in the +
func tional hierarchical structure. (See also Functional Area , CI , and
CPC I, Type A - System Specification)
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System Segment Specification - A specification similar in format to  a +

system specification (Type A format), identify i ng a disc rete package of
system performance requirements , functional interfaces , and CIs contracted
to one contractor or assigned to one Government organization directly
responsible to the procuring activit y for that part of a system ’s to tal
performance. [5] (See System Segment , Type A - System Specification)

System Specif icat ion - A document which states all the necessary technical
and mission requirements in teniis of performance, al l ocates requirements to +
functional areas (or configuration items), defines the interfaces between
or among the functional areas (or configuration i tems), and inc l udes the
test provisions to assure the achievement of all requirements. [7] (See
al so Type A - System Specification)

System Training Concept. A documiient summarizing ATC training policy based
on rev iew of user ’ s requirements and planning factors as refl ected in the
SON an d systemim operational concept and updates. Ou tlines conceptual
guidance on T&E and deployment training pl anning efforts. It forms the
basis for future training planning actions which are documented in the
System Training Plan.

Surv ivability/Vulnerability (S/V) — Survivability is the capability of a
sys tem to accom plish its mission despite a man-made hostile environment. 

IThe USAF policy is that each system will have enough designed -in hardness
and will be operated in a manner so that sufficient numbers wi ll survive
the expected threat.

There are direct nuclear and nonnucle ar threats to virtually every Command ,
Control & Communications system , and there is a severe nuc l ear threat
to the atmosphere and i onos phere , the propagation med i umn for radars and
radio communications. Within the nuclear hardening area itself , there
are several specialized disciplines. So although it is not difficult to
understand the fundamentals of vulnerability and hardening , imp lementation
of a sound survivability program usually requires a number of different
specialists. +

S/V is important in all phases of a system ’ s life cycle , from concept
through operations. Key milestones include the threat study , hardness +
specification , hardness verif ication (including testing), and hardness
maintenance. The regulations do provide a formal mechanism for
establish ing survivability criteria , throu gh the Nuclear Criteria Group and
the Nonnuclear Survivability Technology Work i ng Group. Mission Hardness
design and verification must documented in such a way that AFLC and the
operating command can readily maintain system hardness throughout its life ,
and evaluate the impacts of a changing threat.

V i rtually every Command , Con trol and Communications system must be
protected from the effects of electroniagnet ic pulse (EMP), a broad area
nuclear effect. This can be done with sound state-of-the-art electrical
engineerin g. Beyond EMP , hardening becomes very threat specific. [1]
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Technica l Data Control - This term refers to l ogging and managing the
technical information which is devel oped by various engineering functions.
(For other informatio n concerning technical data control responsibilities ,
see AFR 310—1.) [6] (See also Engineering Management)

Techn ical Program Planning and Control - This term refers to the process of
planning , monitoring, measur ing , evalua ting , directing , and replanning the +

management of the technical program . This process is carried out through +
suc h tasks as m ak i ng r i sk analyses , developing and updating the work +

brea kdown struc ture , acconip l ish i ng technical performance measurement ,
cond uc ti ng techn i cal rev iews , perfo rming change studies , and pl ann i ng and

+ 
impl ementing changes. [6] (See also Engineerin g Management)

Test. Any program or procedure which is designed to obtain , verify , or
provide data for the evaluation of: research and development (other than
la boratory experiments); progress in accompl i shing development objectives;
or performance and operational capability of systems , su b systems ,
componen ts , and equipment i tems. [13]

Tes t Eng i neer i ng - Th i s func ti on uses the techn i cal data develo ped through
the systems eng ineer i ng process to devel op tes t plans. These pl ans outline +

the test procedures and test requirements that are to be used to test
the design sol utions. (For other information concerning test planning, see
AFR 80—14.) [6] (See al so Engineeri ng Management )

Test Requirements - The program office initiates the test pl anning process
durin g the Conceptual Phase by preparing a Test and Eval uation Master
Plan (TEMP). During the Validation Phase the contractor(s) initiate
detailed test pl anning rel ative to hardware and computer program end-items
(Cis and CPCIs) . These test plans and procedures are submitted to the
government for rev iew and approval; the approved pl ans and procedures are H
the basis for subsystem and system testing . In order to test system
requ irements , a uni que test must be associated with the appropriate
end-item which incorporates requirement(s) to be tested . For those
requiremnents which are inherent in a col l ection of end- i tems, the test of a
requirement will be realized during system testing. Critical system
requ i rements should be linked to unique end- i tems and be traceable to the
ori ginal requirements as described in the MIL-STD-490 Type A and B
specifications. Section 4 (MIL-STD—490/483 Type A and B Specifications ,
Quality Assurance Prov isions) identifies the specific requirements for
formal test and verification of the system (Type A) and subsequently its
end- i tems (Type B). These test and verification requirements identify what
specific system requ i rements (Section 3 of the spec i fication) must be +
satisfied. Test requirements , therefore , identify the functional ,
performance , physical , operability , and design requirements which will be
evaluated during system integration and test.

Test & Evaluation Master Plan (TEMP) — The TEMP is an overall pl an which
identifies and integrates the efforts and schedules of all test and check-
out activities to be accomplished in the system development program.
[7] +
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Traceability - (Requirements Traceability , Requirements Traceability
Relation ship~) During the requirements engineerin9 activities , sources of
requirements (source documents ) are referenced for each requirement
identified. These source references provide the means of tracing the
requi rements from one set of system requirements documentation to the
al l ocated requirements contained in the next level of system documentation ,
such as from a Type A to Type B specification. Sources for each +

requirement can al so be maintained for pertinent studies , analyses , and +

plans: PMD , PMP , system sizing and timing studies , prototyping, +

simulations , test pl ans and procedures , and the like. The requirements and
associated sources provide the means of verifying the requirements during
the requ i rements engineering process and i nto l ater phases of the system
acquisition by providing a repository of information on the system
definition.

Software traceability refers to the capability to fol l ow specific mission
requi rements through the various levels of speci fication to the actual
code; and the capabilities to associate each area of code with a speci fied
requirement. [2)

Trade-off Studies - Desirable and practical trade-offs among stated
operat io na l needs , engineering design , program schedule and budget ,
producibility , supportability , and life cycle costs, as appropriate , are
continually identified and assessed. Trade-off studies are accompl i shed at
the various levels of functional or system detail or as specifically
designated to support the decision needs of the system engineering process.
Trade—off studies , results and supporting rational e are documented in a
form consistent with the impact of the study upon program and technical +

requirements. [10] (See al so Systems Engineering )

Training Equ i pment - All types of maintenance and operator ’s training
hardware , dev ices , visual/audio trainin g aids and rel ated software which
(a) are used to train maintenance and operator personnel by depicting ,
simulating or portray ing the operational or maintenance characteristics of
an item , system or facility , and (b) must , by their nature , be kept
consistent in design , construction and configuration with such i tems in
order to provide required training capability .

Transportability - Any special requirements for transportability and
materials handling shall be specifi ed. The specifications shal l include
requirements for transportability which are common to all system equi pment +
to permit employment , deployment , and logistic support . All system
el ements that , due to operational or functional characteristics , will be
unsuitable for normal transportation methods , shall be identified. [3]

Two—part Specifications - Two—part specifications , which combine both
development (performance) and product fabrication (detail design )
speci fications under a single specification number as procuring activity
option. This practice requi res both parts for a complete definition of
both peformance requ i rements and detailed design requirements governing
fabrication. Under this practice , the development spec i fication remains
alive during the life of the i tem as the compl ete statement of performance

A- 25

_________ ___________________ 
____ 

:r.~—~-~-—



+ requirements. Proposed design changes must be evaluated against both the
product fabrication and the development parts of the specification. To

+ emphasize the fact that two parts exist , both parts shal l be identified by
the same specification number and each part shall be further identified as
Part I or Part II , as appropriate. [3]

Type A - System specification (al so Segment Specification). This type of
speci fication states the technical and mission requirements for a system as
an entity , allocates requirements to functional areas, and defi nes the
interfaces between or among the functional areas. Normal ly, the initial
version of a system specification is based on parameters developed during +

the concept formulation period or an exploratory preliminary design period
of feasibility studies and analyses. This speci fication (initial version)
is used to establish the general nature of the system that is to be further
defined during a contract definition , devel opment , or contract design
period. The system specification is maintained current during the contract
definition , development , or equivalent period , culminating in a revision
that forms the future performance base for the devel opment and production
of the prime itemns and subsystems (configuration items), the performance of
suc h items be ing al l ocated from the system performance requirements (see
MIL-STD-490 , A ppendix I for outline of form). [3] (See also System
Specifica tions , System Segment Spec i fication)

Type B - Devel opment specifications. Development specifications state the
requirements for the design or engineering development of a product during
the development period. Each development s pecif icat ion shall be in suffi-
cient detail to describe effect ively the per’ormance characteristics that
each configuration item is to achieve when a devel oped item is to evolve
into a detail design for production. The devel opment specification should
be maintained current during production when it is desired to retain a
com plete statement of performance requirements. Since the breakdown of a
system into its elements involves i tems of various degrees of complexity
which are subject to different engineering disc i pl i nes or specification
content , it is desirable to classify development specifications by
sub—types. [3] (See also Two—part Specifications , Development
Spec i fication and Specifications)

Type B5 - Computer program devel opment specification . (See MIL-STD-49O ,
Appendix VI for outline of form.) This type of specification is applicable
to the deve lopmnent of computer programs , and shall describe in operational , +
functional , and mnathematic al langua ge all of the requ i rements necessary to
design and verify the requ i red computer program in terms of performance
criteria. The specification shall provide the logical , detailed
descriptions of performance requirements of a computer programn and the
tests required to assure development of a computer program satisfactory for +
the intended use. [3] (See also Two-part specifications , Development
Specifications , and Specifications)

Type C - Produc t specifications. Product spec i fications are applicable to
any i tem bel ow the system level , and may be oriented toward procurement of
a product through specification of primarily function (performance)

~~~ requi rements or primarily fabrication (detailed design) requirements .
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Sub-types of product specifications to cover equipments of various
compl exities or requiring different outlines of form are covered in
MIL-STD—490, paragraphs 3.1.3.3.1 through 3.1.3.3.5 [3]

A product function specifi cation states (1) the complete performance
requirements of the product for the intended use , and (2 ) necessa ry
interface and interchangeability characteristics. It covers form, fit ,
and function. Compl ete performance requirements include all essential
functional requirements under service environmental conditions or under
conditions simulating the service environment. Quality assurance
provisions include one or more of the followi ng inspections: qualification
eval uation , preproduction , periodic production , and quality conformance.

A product fabrication specification will normally be prepared when both
development and production of the i tem are procured. In those cases where
a development specification (Type B) has been prepared , speci fic reference
to the document containing the performance requirements for the item shal l
be made in the product fabrication speci fication. These speci fications
shall state: (1) a detailed description of the parts and assemblies of the
product , usually by prescribing compliance wi th a set of drawi ngs , and (2)
those performanr~ requirements and corresponding tests and inspections
necessary to assure proper fabrication , adjustment , and assembly
techniques. Tests normally are limited to acceptance tests in the shop
environment. Selected performance requ i rements in the normal shop or test 

+

area environment and verify ing test therefore may be included .
Preproduction or periodic tests to be performed on a sampl i ng basis and
requi r ing  serv ice, or other , enviroment may reference the associated
development specification. Product fabrication speci fications may be
prepared as Part II or a two—part specification (see Two-part +

Specifications , Product Specification and Specifications) when the
procuring activity desires a close rel ationship between the performance and +

fabrication requirements. [3]

Type C5 - Computer program product specification. (See MIL-STD-490 ,
Appendix X I I I  for outline of form.) A Type C5 specification is applicable
to the production of computer programs and specifies their impl ementing
media , i.e. punch tape , magnetic tape , disc , drum, etc. It does not cover
the detailed requirements for material or manufacture of the impl ementing
medium. When two-part specifications (See Two-part Specificat ion) are used
Type B5 shall form Part I and Type C5 shall form Part II. Specifications
of thi s type shall provide a translation of the performance requ i rements
into programming terminology and quality assurance procedures necessary to
assure production of a satisfactory program. [3] (See al so Product
Specification and Specifications)

UPDATES - This rel ationship indicates that a function on the path updates
i nternal system information as part of its activities. (See also Informa-
tion Flow)

USES - Th is re lat ionship indicates that a function on the path uses
external information (external input ) or internal system information
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( internal  input)  in order to accomplish its activities. (See also
Information Flow)

Using Coninand (Also called Using Agency and Using Activity ) - The commiiand 
+primarily responsible for operational empl oyment of a system. (See also +

Implementing Command and Supporting Command ) [8]

UTILIZES - This rel ation ship indicates that function on a path is dependent
upon the use of one or more other functions in order to accompl i sh its
activities. A single function or sequenc e of functions may be defined
once and utilized as frequently as necessary in the control fl ow wi thout
hav ing to be redefined (replicated ) for each use. (See also Control
Flow).

Val i dat ion — Comprises those evalua t ion , i ntegrat i on , and test act i v i t i es
carried out at the system level to ensure that the system being devel oped +satisfies the requiremen ts of the system specification. Whil e the
va lidat ion process has significant software implications , a software
val idation process , di st i nct from the system validation process, cannot be
isola ted since all evaluation and test activi ties that make up va l idat ion
are focused at the system level . [7],[2]

Validation Phase - The period when major program characteristi cs are
refined through extensive study and analyses , hardware develo pment , test +

and evaluation s. The objective is to valid ate the choice of alternatives
and to provide the basis for determining whether or not to proceed into +

Full-Scal e Develo pment. (See AFR 800-2 and AFSCP 800-3) [1] (see also
Acquis ition Life Cycle )

Verification - The iterative process of determining whether the product of
each step of the Computer Program Configurati on Item (CPCI) development
process fu l lfi u ls all of the requirements levied by the previous step.
[7],[2]

Work Break down Structure (WBS) - A work breakdown structure is a product-
oriented family tree composed of hardware , software, services , and other
work tasks which result from project engineering efforts during the
devel opment and production of a defense material item and which compl etely
defines the project/program. A WBS display s and defines the product(s) to
be develop ed or produced and relate s the elements of work to be
accom plished to each other and to the end product. (MIL-STD-881 ,
MIL-STD-48O ) [1]
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AD-A047318), USAF Electronic Systems Division , August 1977.

[3] MIL-STD-490, Specification Practices, 30 October 1968.
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[5] MIL-STD-483, Configuration Management Practices for Systems, Equipment ,
Munitions , and Computer Programs, 31 December 1970.

[6] AFR 800-3, En gineering for Defense Systems, 1 June 1976.

[7] H. Bratman , and M. C. Finfer , Software Acquisition Mana9ement Guide - +
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+
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LIST OF ABBREVIATIONS

ithbreviation Definition

ADP Automated Data Processing
AF A i r Forc e
AFR Air Force Regulations
AFSC A ir Force Systems Command or Ai r Force Specialty Codes
AFSCM Air Force Systems Command Manual
CADSAT Computer -Aided Design and Speci fication ~~r sis Tool
CDRL Contract Data Requ i rements List
c 3 Comman d , Con trol , and Commun i ca ti ons
CI Configuration Item
CPC Computer Program Component
CPC I Computer Program Configuration Item
CPDP Com puter Program Development Plan
DCP Decision Coordinating Paper
DID Data Item Description
DoD Department of Defense (al so DOD)
DODD Department of Defense Directive
DODI Department of Defense Instruction
DSARC Defense Systems Acqu isition Review Council
DT&E Develo pment Test and Evaluation
ECM Elec tronic Countermeasures
ECCM Elec tronic Counter—Countermeasures
ECP Engi neer i ng Change Proposal
EMC Electromagnetic Compatibility
EMP Electromagne ti c Pulse
ESD Electron ic Systems Division
EW Elec tron i c Warfare
FORTRAN Formula Translation (an HOL )
FOT&E Follow-on Operational Test and Evaluation
FQR Formal Qual ification Review
FQT Formal Qual i f i ca ti on Tes t
FSD Full-Scale Development
GFP Government -Furn ished Property
HOL Hi gher Order Lang uage
HQ Headquarters
I/O System External and Internal Input s and Outputs
IOT&E Initial Operational Test and Evaluation
MIL-STD Military Standard
MTBF Mean-T i me-Between-Fail ure
MTBM Mean-Time-Between-Maintenance
MTTR Mean-T ime-To—Repair
3&M Operat ions and Maintenance
OSD Office of the Secretary of Defense
OT&[ Operational Test and Evaluation
PMD Program Mana gemen t D i rective
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LIST OF ABBREVIATIONS (cont’d)

Abbreviation Definition

PMP Program Management Pl an
P0 Program Office (see al so SPO)
PQT Preliminary Qual i fication Test
PSL/PSA Probl em Statement Language/Problem Statement Analyzer
QA Qual ity Assurance
RADC Rome Air Development Center
R&D Research and Devel opment
RFP Request for Proposal
ROC Required Operational Capability
SEMP System Engineering Management Plan
SE/ID System Engineering/Technical Direction
SOC Systems of Operatic~nal Conc ept
SON System Operational Need
SOW Statement of Work
SPO System Program Office (see al so P0)
SS System Specification
S/V Survivabi lity/Vulnerability
TEMP lest & Eval uation Master Plan
TR Technical Report
USAF United States Air Force
WBS Work Breakdown Structure
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Item 20 (Cont ’d)

Air Force systems acquisition life cycle. Volume II ezpands upon the material
summarized in the first volume . Volume LU is the Requirements Engineering
Guidebook. The Requirements Engineering Guidebook describes the characteris-
tics of good requirements , the various system requirement types, and the
requirement. engineering procedures . The requirements engineering procedures
are described in the form of a procedura l flow with accompanying guidelines
and standards for performing fourteen requirements engineering activities.
LIL h requirements engineering activity is supp lemented by a description of
the specific issues to be addressed during the f i r s t  two phases of the Air
Force acquisition life cycle - the Conceptual and Validation Phases.
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PREFA CE

This report is one of three volumes prepared to assist government and
con tractor personnel in ma nag ing and performing System requ irements
de ftnit lon and analys is: requirements engineering. The prim a ry results of
this study has been the definition of guide lines and standards for
requirements eng ineer ing (Requirements Engineering Guidebook ) and the
identifi cation of automated dids to support the application of the
guide lines and standards during the initia l phases of the Air Force system
acquisition life cycle - the Conceptual and Validation Phases.

This study reflects Logicon ’ s experience with an automated requirements
engineering tool applied in Support of the acquistion of a large Air Force
surveillance system. The Requirem ents Engineering Guidebook reflects the
needs of an Air Force System Program Offi ce acquisition environmen t ,
however , the basic requirements engineering pr inciples and guidanc e are
easily adapted to other acqu isit ion environments.

This report was prepared -by Logicon for the Air Force Systems Command
(AFSC). Rome Air Uevelop rnent Center (RAUC), Softwa re Engineering Section.
Administr ative rev i ew and technical coordination of this report have been
accomplished for RADC by Mr. Mich ael Landes (project officer).

Review of this report was accomp l i s hed at RADC , by Electronic Systems
Division (AFSC/ESD ) personnel at HaflSCOW , AFB , and by Logicon personnel.
Special thanks to the many reviewers and for the patience and skills of Ms.
Marc ia Brehm and Ms. Deborah Queen for the technical typing , proofing , and
revisions.
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SECTION 1 INTRODUCTION

1.1 Purpose

The Requ i rements Eng i neering Guidebook prov ides guidance and standards for

government and private eng i neering personnel in defining and analyzing the

requirements for a system. This guidebook addresses the initial phases of

A ir Force system acquisition (Conceptual and Validation Phases) and is

Intended to provide guidance for the acquisition of large-scale systems.

However , the guidance can be applied to smaller , less com p lex systems an d
can be used in acquisition env irorinents other than the Air Force. This

document contains the guidelines and standards for requirements eng i neering

and documentation and provides the framework for tailoring the requirements

engineer ing activ it i es to the specific needs of individual programs.

1.2 Scope

This guidebook supp l ements the engineering requirements and guidance

provided by AFR 800-3, MIL-STD-499A, MIL-STD-490, and MIL-STD-483 (USAF). t
1.2.1 Program Office Requirements Eng i neering

This document prov ides guidel i nes and standards for Air Force program

offices In the followi ng areas:

• Performing requirements engineering activities and produc i ng
system documentation in conjunction with preparation of
solicitation documents. :~

• Contracting for the performance of the precedi ng activities
by support contractors.

• Contracting for requirements engineering during the
subsequent phases after contract award by the prime
contracto r or subcontractors .

_ _ _ _ _ _ _ _ _ _  
H
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• establishing the criteria for evaluating requirements

engineering progress and products.

1.2.2 Contractor Requirements Engineeri ng

This document provides information to government contractors -in the
followi ng areas:

• Performing requirements engineering activities and produc i ng
system require ments documentation .

• Establishing the criteria for evaluating requirements
engineering progress and products.

• A means of establishing an engineering effort and a System
Engineering Management Pl an (SEMP)

1.3 Definitions

1.3.1 System

A composite of items , assemblies (or sets), skil ls , and techniques capable
of performing and/or supporting an operational (or non-operational ) role.
A complete system includes related facilities , items , material , services ,
and personnel required for its operation to the degree that it can be
considered a self-su fficient Item in its intended operationa l (or
non-operational ) and/or support env i ronment. (AFR 65-3)

1.3.2 Requirements Engineering

Requirements Engineering is an iterative process of defining the system
requirements and analyzing the integrity of the requirements. Thi s process
invol ves all areas of system development preceding the actual design of the
system . The products of the requirements engineering process can be
evaluated for completeness , consistency , testability , and traceability.
The essential goal of requirements engi neering is to thoroughly evaluate
the needs which the system must satisfy.

1.3.3 Quality Requirements

The term ‘qual i ty requirements ’ is used throughout this guidebook to
denote system requirements which are complete, consi stent, testable, and
traceable. This characteristic Is the result of the requirements being
discretely identified and well-orgainzed as discussed in the sections to
fol low.

2
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1.3.4 ~ ‘ne r t~ n i t i o ns

For ’ det ’r ii t ’un s of other terms used ~n th i s gu i debook , see Append i x 4.

1.4 Contents

The rema inder of th ’s guidebook cons i st s of three sections and one

append ’ x , as fo l lows :

• Sect ion 2 - Qu Re~~~rements_Char ac t e r is t ics .
Prov i des a descr ~~pt~~on of the t W O  requ i rements
char acter i stic s : discrete and well organized. This
di scuss i on i s followed by a descr i ption of three forms of
we ll -organized requirement s: hierarchica l structures , system
flows , and requirements traceability.

• Section 3 - S i R e ~u~irern j~~~s.
Provides a c o n c i s e  de f i r i it ~~on of the two  s e t s  of
requ 1rem ent s: the functional requirements set and the
constra i nt requirements set. The functional requirements
set (functions) are defined and the five constraint
requ i rements types (performance , physical , operabil ity , test
and des i gn) are examined and exp lained through examp le.

• Section 4 - Req~i rements Engineering Procedures.

Prov ides the procedural framework for defining and anal yzing
the system requirements. The procedures consist of fourteen
activities which are exp lained in the general context of the
requirements eng ineering act iv~ ties which Occur. Each
act ivity is followed by an exp lanation oriented toward
the Conceptual and Va lidat ’on Phase issues.

• Append i x ,\ - Glossav -y .
Provides defi n it i ons of the major terms used in Air Force
System acqu is it i ons and concludes with a list of acronyms
and abbreviations.

;;

~
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~L L T i J N  2 QUALITY REQUIREMENTS CHARACTERISTICS

2.1 Introduction

Qual ity requirements are dependent upon the anal yst first ident ify ing the
discrete requirements of the system and then organizing these requirement s

~n effec ti ve ways for further anal ysis. Initial documentation for

ident~fy’ri g user system requirements may include early p lanning documents
and spec~ficat i ons for sim il ar systems, for system interfaces , and for
ex~st’ng or prev ’ousl y defined subsystems. In addition , documentation

derived from engineering stud i es and prototyping or experimental test

systems may be available. If the eng i neeri ng activities have advanced
beyond the p lann i ng and study stage , specification documents such as Type A

and Type B spec ificat ion s 1 may have already been developed. These earl y

requ irements documents usuall y have one prevail ing charact er ist ic:  the
system requirements are not typ i c a l l y di stinguished (discrete) or
collectivel y defined (well-organized).

2.2 Discrete Requ irements

Fi gure 1 il lustrates the first charact eristic of qua lity requirements:
di sc reteness. T he key to identify ing discrete requirements is to break the

source doc umentation i nto ind ividual parts which represent non-overlapping

requirements. Requirements should then be cat egorized as functions the

system must accomp l ish or system constraints (performance , physical ,
operab ’lity , test and design). At this point missing or incomplete

1 In A ir Force system acquistitions the functional specification is the
systeui/~egment specification (Type A , MIL-STD—483 (USAF), Appendix III)
and the development specifications are Type B specifications. The
Computer Program Configuration Item Specification (Type B5, MIL-STD—483
(USAF), Appendix V I) is the primary development specification addressed
in this guidebook.

4
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requ remen t s u an he ’ irore read i 1 y i dent t i e d .  Th i s  i t  cml : at ion and
categori zation ot requ i rements introduces c lar i ty , where as the source

docu mentat. on may he overstated . anibi guous • redundant. , Incomp lete , and

rico ns i st ent . I his proc ess of I temi :at ion a lso provides the basis for
ve ’r1 ty  rig the qual ‘ t of the requi rernents and fo r assessing the abl 1 t t.y to
test  the requ remt’nt s in t he target system.

.3 U re~fln i at ion of Requirement. s

The 50 .  ond c ha rac t or s t C Of  d good st a teni~ n t of requ I rement s I s t he
arrangement of the requ reflient s ri e f f e c t i v e ’ ways for add i t i ona l anal ysis

and fo r  ~~iuiiun I at I nq t host ’ requ rt ’iut’iit S to  the using agency and to  desi 911

eny 1 noel- s - the dent i f  i ca t ion of ti I sc r~~t o requ 1 renk’nt s provides st ~i~
aw .lrOrlt ’ss of oin’ ss i  ons and ~dps iii the requirements. lhl s awareness i s
furt her hei q hte ’ned by ~~~.rri ny t he’ requi rt~nents In way s which dent i f y

al l  the re’ I •it I ~rish 1 ps aiiionq the dl scrot e requ irements (F I qure 1). These
rt~’l at I onsh i p~. j re ~ t t hree’ t v  pes I ogical oryani z a t  I onal relationsh ips .
syst oiii flow ~-et at onshi ps . and rvqtI l reiuent. s t raceahi 1 I t s -  rd at ~~nc h i ps.
lht ’ I ol owi nq paraqraphs discu ss these relation ships.

2.3.  1 I. o~ ’ cal .1 ryan I : at I ona I Re I at I onsh I ps

t o  ic~ l oryani:.e t ional rol at I on~hi ps are shown by st ruct tiring th~ disc rete

t unc t i ons and t he’ in tonira t. ion requ i remcnt s (vxt erna 1 and i n t  erna I Input /
out put ) of t he sy stem into hierarchic a l  structur es. 1 he concept of a
t LIllC t o,ij l hi ~~~~~ i cal ~t ruct ure (F iqure 2) was Introduced into mil i tary
s y s te m s deve lopment t hrouqh i n it l a l  systems enqincering pract Ices dat lily
back to th e ’ I ~4Us . 1 his concep t has been maintained In mi l i ta ry system s
dcve 1 opmeii t a rid doc ument at ion t hrouqhout t. he 1 ‘~ i) s and is an I nt.~qr~ 1 part.
of t he’ current Iii’ l i t  ~ry starlddrds for system documentation . i.e. • NIL. _ S l I l —
4’)O and MI I —~. II l—4: ~ (USA~ ) . Th i s form of organi :at Ion prov Ides a v i ew
of t he’ s -~ s t e m  as an aqqr’e 4at e of t unCt ions broken I nt.o a log ic al

arranqement of ~nbortI I nat e disc ret o act lv i t i es which must he perfoni*ei.
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Over the course of requirements eng i neering many missing or incompl ete

functions can be directl y identified from the functional hierarchical

structure.

The discrete system inputs , outputs (external I/O ) and the internal
information requirements necessary for the system ’s opera tion can be

log icall y structured in the same manner as the functional hierarchy. The

emphasis again is the arrangement of the information requirements into

structures by breaking the information into logical subordinate parts or

sim ply as groupings (Fi gure 3). A well-o rganized structure is effective in

con,nunicatf nq the infonnation requirements and for identify ing incompl ete

or missing information requirements.

2 .3.2 ~~~tem Flow Reiat ion~~~~s

System flow relat ionships can be shown by organ izing the discrete

requirements in t.erms of contro l flow (Figure 4) and information flow

(Fi gure 5). As the funct ions of the system are defined , the co ntrol
relationshi ps between them are ident ified. These control relationships

describe the log ical order in which the system activities should be

accom plished to satisfy the system m i ssion and operational requirements.

Cond itions whi ch determine the flow direction when two or more branches

occur are also represented. Control-flow anal ysis provides a means of
viewing the system from an activity -oriented perspective and is often

referred to as functional -flow anal ysis. As a result of this anal ysis the

requirements are viewed in a well-organ ized manner and missing or

incomp lete functions and relat ionshi ps betwee n the functions are

identified. Fina l control-flow documentation becomes another effective

means for communica ting system requirements to implementing engineers.

On the other hand , the information flow anal ysis (Figure 5) builds upon the
I /O hierarchical structure (Figure 3) by providing a means of viewing the
system as an information processing system. During this analysis the flow
relationships between external system inputs and resulting outputs are

8
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identified. Quite often the most effective means of perform ing
information -flow anal ysis is to trace an output back to system inputs ,
either external data , messages , or stimuli. As a result of this analys i s
the relationshi ps between the associated functions and the internal
information necessary to support the derivati on of the output are
identi fied.

Control -flow and information -flow anal ysis will identify necessary changes
and additions to previousl y defined functions and constraints as well as to
the hierarchy structures and other previousl y defined relationships.
Missing or incomplete requirements can be determined and the deficiencies
corrected.

Requirements engineering for systems which are primaril y activity oriented ,
such as conriand and control systems , wi ll be concentrated on control-flow
anal ysis as opposed to inform ation -flow anal ysis. Other systems such as
communications and management information systems , may be primaril y
information pro cessing oriented. In these systems the requirements
engi neering activities may concentrate on information—flow analys i s rather
than control-flow anal ysis.

2.3.3 Requirements Traceability Relationships

Identification of system traceability relationships is another effective
means of identifying incom pl ete, unnecessary and missing requirements.
During the requirements engine ering activities , source documents are
referenced for each requirement identified . Requirements traceability
anal ysis provides the analyst with a means of verifying the requirements
by linking each requirement to all forms of source documentation. These
link s , in the form of source references , provide a trace between the
requirements from one set of system requirements documentation to the
allocated requirements contained in the next l evel of specification ; e.g.,
(Type A to Type B). This form of analysis aids in validating the
requirements. Relationships can also be defined to other pertinent

r
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studies, anal yses , and plans which are being accomplished concurrent ly with
the requirements engineering act i vities , such as program management

directives and p l a n s , system sizing and timing studies , prototyping,
sim ulations , test planning . dnd the like. System test requirements
(qua lity assurance), as well as subsequent test plans , procedures , and
repo rts , can be e f fec t ive l y related to the system functional -perform ance

requirements. The links to associated system p l ans , anal yses , and studies
accomp lished prior to , during and subsequent to the start of formal
requirements engineering are crucial to the overall systems engineering
concept. The traceability relation shi ps also provide a bridge between
requirements engine ering activities and subsequent implemen ting

engineering, s i nce the requi remen ts can be t race d from Type A to Type 85
specifications (and other specifications ) and system test p lans and

procedures during the later phases of the system acquisition.

Throughout the requirements engineer ing act iv it i~;, the analyst must be
able to evaluate the impact of changes to the requirements. Whatever the
reason (po l icy , economics , study or anal ysis results , engineering change

p ro po s a l s , etc.), the analyst m ust be in a position to determine the

ramifications of changes to the system requirements. Once the area of

impact is iden tified in the requ i rements engineering products (functional
and I/O hierarchies , control and information -flows , etc.) the traceability
relationships provide the capability to readily identify associated impacts
to the system and to trace the i m p a c t s to a l l  o t h e r  a s s o c i a t ed
documentation: program directives , plans , studies and analyses , test plans ,
associated system speci fications (Type A , Type B , etc.) and the like. The
impact can be readily analyzed and the appropriate actions taken.

2.4 Sunmiary

Discre te and well-organized requirements support the primary goal of

defining the operational mission needs of the using activity while giving
the analyst visibility and control over the system definiti on process.
Discrete and well-organized requirements are prerequisites for the creation
of good Type A and B specifications.

13
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SECTION 3 SYSTEM REQUIREMENT TYPES

3.1 Introduction

The system requirement types are functional requirements , performance
requir ements , p hysical requirem ents , operability requirements , test
requirements , and design requirements. In developing requirements or
identifying system requirements from requirements documents , any
combination of these requirements types may exist . Understanding the six
requ i rement types and their use contributes significantl y toward achieving
quality requirements definitions. System requirements fall into two sets:
the functional requirements and the constraint requirements (Table 1).

3.2 Functional Requirements Set

The functional requirenients set is the backbone of the system requirements

engineering process. It is within this set of requirements that the

pure design -free or soluti on independent needs are declared. Simp ly
stated , the functional requirements represent the total discrete system
activities required to achieve a specific objective; this is most often
referred to as the mission objective. A functional requirement i denti fies
what must be accom plished without identifying any aspect concerning the
means such as hardware , computer programs , personne l , facilities , or
procedural data. The functional requirements represent a problem statement
devoid of any overtone or specifics regarding real or conceptual solutions
which satisfy any or part of the needed functions’. Some examples of

1 Functions take on different meanings within three types of system
documentation as required by MIL-STD-490 and MIL-STD-483 (USAF). Type A
specif ication functions are defined for the system as a whole as defined
above. Type 85 specificati ons define the CPCI functions to include
the inputs , processing , and outputs. The Computer Program Components
(CPCs) of the Type C5 specification may correspond to the functions in
the Type B5 specification if the B5 requirements satisfy the computer
program developer ’s design approach. For the purpose of requirements
engineering, functions are defined to be the same as Type A
specification functions. In documenting functions in Type B5
specifications , the associated input s and outputs are included.

14
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Table 1. System Requirement Types

The set of discrete functions which
FUNCTIONAL identify the pure desi gn free or
REQUIREMENTS solution independent needs of the system

as a whole. The functional requirements
(functions) identify what must be accomp l i she d wh i le

avoi ding solution statements or overtones.

How wel l the system
PERFORMANCE functions must be

accomplished ,such as
timeliness and accuracy.
Also called performance
characteristics ,
MIL-STD-490.

Infl uences the design
solution in a physical

PHYSICAL manner: power, si ze,
weight , env ironmen t,
human factors , existing
system interfaces , GFP ,
etc. Also called
Physical Characteri s-

SYSTEM ti cs , MIL-STD-490.
R EQ UIREMENTS

Reliability , main tain—
CONSTRAINT OPERABILITY abil ity , ava ilability , —

REQUIREMENTS dependability .

(Constra i nts)
Identify the functional ,
performance , physical ,

TEST operabili ty, and
design requirements
which will be evalua ted
during system integra—
tion and test.

The minimum or essen-
tial design and
construction require-
ments which are a
constraint on the
functional require- H

DESIGN ments of the system
1 during the design and

construction of the
sy stem end-items
(CIs / CPCIs). Al so
called Design and
Construction , MIL-STD-

15 
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d i s c r e t e  t o p - l e v e l  f u n c t i o n s  for  an e l e c t r o n i c  sys tem might  be
surve il l ance , track ing, id entificat ion , interceptor control , and

con~TIunic at ion.

The functional requiremnents are the most difficult requirements to

identify . The problem s arise partl y fronm a lack of understanding of the

requirement types. Without guidance , requirements eng i neers (government

and contracto r ) work without a well defined and consistent set of

terminology and engineering techni ques for requirements engineering. The

lack of requ i rements engineering terminology and standards allows even the

best-intent ’oned anal yst to digress from the “need” ca tego ry to “how to”

or solution-o riented requirem nent definitions. This is a natural tendency

especia ll y for any desi gn-oriented engineer , such as a softwa re engineer.
As soon as a need i s  i d e n t i f i e d  an iniediate and more predominate solution

response is quite natural. Preconceived ideas from past eng ineering

experience or operational exper’ence with e~~st!nu systems naturall y come

to mind . The results are “system requirements ” (functions and constraints )

which are semnantic ally riddled with solution overtones or specific desi gn
details without conscious rea lization or justification. The thought

process simp ly shifts to a solution oriented posit ion almost at the point
of conceptual thought .

An exam p le of a soluti on oriented statement is ‘ ...the pressure ,

temperature , and humidity (PTH) data shall be recorded on magnetic tape

every ten ( 10) s econds . . . ” In this examp le the basic function is a

recording of PFH data , but the solut i on oriented feature is that the data

will be recorded on magnet ic tape.

3.3 Constraint R~ quirements Set

The second set of requirements is the constra i nt set which consists of five

requ i rement types: performance , physical , operability , test , and design

(Table 1). The constraint set modifies the functional requ i rements set.
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Without  the constra int  set , a so lut ion for the system funct ional
requ i rements could not be achieved. Since onl y need is expressed in a

functional requirements set , any number of solutions may be possible. In

order to realize a solution , the problem identified in the functional

requirements set must be constrained . However , excess i ve or unrea li sti c
constraints , can eliminate all solutions or increase the technical risks

and cost of the solution. Therefore , identification of the constraint

requirements must be achieved with care. Whenever specific constraints are —

identified , there must be sufficient justification , such as an engineering

ana lys i s , which clearl y shows tha t th e cons tra~nt i s reasona b le , necessary,

and practicable , an d represents an actual requirement and not just a

desirable feature. The five constraint requirement types are discussed in

the follow i ng paragraphs.

3.3.1 Performance Requirements

Performance requirements identify “how well” the func ti ons of the system
must be accom pl ished. These requirements are the essential quantifiab le

statistical parameters upon which the successful accomp lishment of system

functions can be evaluated , such as timeliness and accuracy. The timing

performance constra i nts include computational-solving times , coun tdown or
— event timing , and timing allocations as establ i shed through engineering

ana lysis. An examp le of the performance constraints is “all disp la ys sha l l
be updated within 3.0 seconds after the input... ”

3.3.2 Physical Requirements

Physical requirements constrain or significant l y influence the des i gn
solu tion in a physical manner. The physical constraints include power,

physical features (size and weight), env ironmental considerations

(control l ed or natural), human performance capabilities and limitations

(human factors), predetermined internal and external system interfacing,

use of existing equipment (off—the-shelf) and Government Furnished Property
(GFP), and use of standard parts.

17
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Power at a remote site may have to be supp lied by generator or be received
from ut i l ities adjacent to the system site. If the system is airborne the

power mnay be received from the aircraft. The power considerations may be
predetermined by the situation and , therefore , constrain the solution
poss ’bi lities. Again , the size and wei ght of equi pment to be considered as

part of the configuration may have to be quantitativel y stated. For
ins tance , a system which is to be installed in an existing fac ilit y ,
aircraft or launch vehicle would require specific weight and size
requirements to be identified. Mounting location and conditions may also

have to be ‘dent ified. Weight and size are also important to future growth

and transportab ility of the system components as well as installation and

maintenance.

Env ironmental aspects are also critical physical requirements. Ranges
of atmospheric pressure , temperature , and humidity (PTH) may have to be

specified both ‘n terms of the operat ional conditions of the system as well
as non-operat~onal conditions such as transport i ng the system or any of

its parts which are sensitive to PTH and shock. Additional facility

environmental requirements are illumination and noise levels , wind and snow

and others. Human performance is identified where the design of the

system should be sign i ficantl y influenced by the limitations or
capabilities of personnel involved with the system. Human performance

requirements concern the tasks to be performed by the personnel , the t ime
requ i red to accomp lish a task , the number of persons involve d , the
sustenance or life support requirements related to the tasks, training

requirements , and training equipmen t or aids.

Other phys ’cal constraints concern predetermined interfacing with existing

external or internal system components. For instance the system may be
interfaced with existing conumunication systems such as AUTODIN or AUTOVON.

Again the system may transmi t or receive electromagnetic signals from other

electronic devices. The system might have to i nterface with navigational

systems. Internal interfaces are more limited in the initial requirements

18
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definition process , because their identification lends itself to the

def inition of the configuration itemns of the proposed systemu. However , in
some proposed systems it is known very earl y that a particular piece of

equi pment muust be included in the configuration and forms a part of the
internal system interfaces. An examp le of this is deci phering equipment
which the proposed systemim may use in order to communicate with an external

system where classified inform iiation is received or transmitted.

The last two physical requirem lients are off-the-shel f/GFP equi pment and the

use of standard parts. In some systemus existing equipment such as the

deci phering equi pment mentioned previousl , may be provided to the

contractor for inclusion in the proposed desi~:n. Off-the-shel f equi pment

or GFP may be stressed to decrease risks and cost. Requirements to use

standardized parts is a logistical cons iderA tion which has significant

bearing on the desi gn process. Parts control is app lied more universall y
during the desi gn definition process to control the selection of parts for L
inter- and intra- system equi pment development. Parts control is muore

easi ly thought of as a program which the contractor mnust i mm ip l ement as part
of his design process.

3.3.3 Operabi l i ty Requirements

Operability requirements include system availability and dependability.
Availability incorporates the aspects of reliability and maintainability ;

dependability incorporates the aspects of survivability and vulnerability

(Sly ) and external electromagnetic interference. Again these requirement

types modify the functional requirements and constrain the problem . Each
of these operability requirements categories is influen ced by desi gn

related issues , policy related impact , or non-contro llable factors .

Air F orce Regulation 80-5 defines reliability as the probability that a

part , component , subassembl y, assembl y, subsystem or system will perform im

for a specified interval under stated conditions with no malf unction or

degradation that requires corrective maintenance actions. Maintainability

is closely related and inseparable from reliability and is defined to be a
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characteristic of the design and Installatio n expressed as the probability
that an item will be restored to a specified condition within a given
period of time when the maint enance Is performed using prescribed
procedures and resources. Hardware reliability Is usuall y expressed in
terms of Mean Time Between Failure (MIBI) or Mean Time Between Maintenance
Act ion (MTBM). Hardware maintainabilit y is expres sed in terms of Mean Time
to Repair (MTTR). The relationship between reli ability and maintainability
is termmm e d the ava ilabil i ty of the system , this Is usuall y expressed as a
ratio between MTBF and MTTR . Reliability Is not considered by many to be

an appropriate terimi when app lied to system computer programs , since certain
softwa re failures can be attributed to design defic iencies which cannot be
adequatel y predicted and tested.

Dependability addre sses the Issues of system survivability and
vulnerability (S/V)1 and external interference. Surviv ab ility Is the
ability of the system to achieve its miil sslon under the conditions of a
man-made hostile environment. In addition , the system may be requ i red to
operate under the conditions of i nterference from external electromagnetic
sources (tlectromagnetic Compatib ility - [MC ) as wel l as operate under
threat of po ssible electronic countermeasures ([CM) such as spoofing
and jamiuiiinq .

Therefore , operability reflects many constraint s upon the functional
requiremnents set. The ava i lab i l i ty  (rellabllity/ma t ntainabllity require-
me;n:s) , and dependability requirements (S/V. [MC , [CM ) reflect operational

issues. These operability requirements are identified earl y I n  the
requirements anal ysis activities and are expressed in the various planning

documents and are reflected in specification documents for the system.

3.3.4 rest Requirements

Test requirements impact the design process and the resulting system
conf iguration. The test, requirements have been sing led out from the other
constra i nt requirements In this guidebook to emphasize the importance of
the testability of the system requirements. The test and evaluation
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requirements are usual ly spec it i c to each acquisition and wi 11 be i nit i,i l ly

1 dent it ied at a hi gh system level  in earl y i-ego i remm ient s documne mit at ion.

I n order t ~‘ test c ert a in system r eq u  1 re m u e n t  s , a on  i gut” t e - , t m us t  be

~is soc i at ed with the appropr iate end- i tern which 1 nc o rp o ma I e’s requ 1 remuent s)

o be to t ed . F or t ho so requ i remiient s wh i c h are i nhe rent. i n a coi l oct i o ii of

end— it ems • t he  I es t  of .i re’qui r en men t  will be accoinp l 1 shed dun riq sv~.t emi t

os t i ny. 1’ r it  i ca l system requ i rerne nt s shou 1 d be a ll oc a t  ed t o oil i quo

end— i tem im s . as much a pos si b le to i niprov e the” requ 1 renment s t es t ,ib 1 l i t  v
Sect ion 4 (Mit. — SID—4 gO/4~~ lype A and D Spec i t  i c a t ions . Qu~il i t  Assurance
Prov i s ions ) 1 dent it  1 es I he spec i tic requ i rewe mi t s t or t L ’nIua 1 1 os 1 and

yen ficat i o n  of t h e  s~ st em (Type A) arid subs equent ly i t s  en d— i t ows ( lype
B) . These test a rid von 1 t i cat i ott requ i re rnen t s idemi t  i f ’ ,  wh a t S pO( ii 1 c

sys temii requ I remnent s of Sect ion 3 of the spec i t 1 cation moos t be saIl ‘- I i  ed

Test requirements , therefore , id e ntity the f u n d  iona l , p’nt ernian ce ,

physical , systemu— effect I veness . and design require muents which wi 11 be

eval uated during systemit inte grat ion and t e s t

3.3. b Des i ~n Requ i remnents

The last form of L)fist ra i nts are the ’ des i qit requirements. I hose

requirement. s represent the win i mi tum ii or essential des i qn and const rod ion

requ i renient s which a i-e not add i-es s e’d b t he tour p~ev I OU 51 ’, dos ~‘ni bed
const ra I nt requ I renient types the performance phy s i cal , oi’erab i li ly  and

test requ 1 remuc nts . Lik e the  ot her c o n s t r a i n t  requirements , t h o se
requirements restrain the f unct ional  requ i remuent s of the s’, st  em dun i tt ~ I he
desi gn and construct ion of t he” svstem end— item lis (i is and ~I’~ I s). Dot- i nq
the in it i a 1 phases ot syst ems requirement s enq I iieer i tiq (i once pt ua I arid

Val i d a ti on rhas~’s) , certain desiq n arid cons t  ruct ion s t a n d a r d s  na’ , be
spec i t ied directl y or by ret e rence to  ot her speci I icat  ~e r t s  or st and•irds.

Accord ing to Ml L— sTD—4 y0 • the design requ i rement s include appropr i a te ’
design standards , requ i reiiient s overning the use or so I ‘c t i on of mat or i a I s •
parts and process i fly . I nterchangeab i 1 i ty requ I rement s • s a f e t y  requirement s ,
and the like. As the syst em devei opment co nt i nues . enqi neon nq ,mnal ’,s is
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and trade study results (as well as other engineering activities such as
prototyping and simulations ) may indicate the need for additional desi gn
constraints which are practicable and necessary for the system ’ s operation
and maintenance (0&M). An examp le of the 0&M desi gn constraint is the
specification of computer programming requirements for software end-Items
(CPCIs) : during the Conceptual Phase these design requirements are defined
for the system as a whole and govern the desi gn and construction of system
functions which are implemented in software (MIL-STD-483 , Appendix III).

- - - 
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SECTION 4 REQUIREMENTS ENGINEERING PROCEDURES

4.1 Introduction

Requirements engineering is an “iterative ” process of defining the systeni

requirements and anal yzing the integrity of the requirement s for compl ete-

ness , consistency , testability , and traceability. As the process conti mes

the system requirements are defined and anal yzed in a progressivel y

expanding manner. The definition and anal ysis activities will move from

one area of concentration to another as the results of previous activities

reveal areas needing additional work . No singular approach can be rig idl y

defined and app lied which can take into account the many possibilities

wh ich must be considered . However , guidelines for requirements engineering

and associated tasks can be defined and then tailored for spec ifi c
requirements engineering app lications. This section presents a general
framework f~r requirements engineering as illustrated in Eigure 6. Each
block represents a unique requirements engineering activity which shall be
accompl i shed i n def i n i ng and anal yzing system requirements. There is a

continual in teraction between the activities of each block , and although

each bl ock appears as a single activity , it is in fact part of a continuum.
The selection of an actual approach for a given app lication is one of the

tasks (BLOCK 2).

The activities identified in Figure 6 may be organized into five general

steps. In step 1 (BLOCKS 1-2 ) perti nent source documentation is identified

and reviewed. The anal ysis team develops a requ i rements engineering p lan
which identifies the resources required and the specific approach to be

• taken in performing the remaining requirements engineering tasks (BLOCKS

3-14). Step 2 involves identify i ng and organizing the activity structure

(BLOCKS 3-5) and information structure (s) of the system (BLOCKS 6-8). The

requ i rements engineering tasks associated wi th BLOCKS 3-5 are concentrated

on anal yzing the system source documentation In terms of activities
performed by the system. If the system is primaril y activity oriented ,

such as a command and control system , the anal ysis acti v i t i e s may be

concentrated on th~ tasks identified in BLOCKS 3-5. If on the other hand , P
23
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the system is primaril y in formation oriented , as in the case of a
commun ications systenm or an automated data processing system (ADP)

app l ication such as a management information system, the analysis activities

may be concentrated on the tasks associated with BLOCKS 6-8. The activities

associated with BLOCKS 3-5 and BLOCKS 6-8 are generally done concurrentl y.
During step 3 the flow of control between system functions (BLOCK 9) and the N
flow of information into , within , and out of the system (BLOCK 10) can be

defined and anal yzed. Step 4 i nvolves anal yzing the system requirements for
testability (BLOCK 11) and preparing required specification documents (BLOCK

12). Step 5 consists of two activities which are continuousl y performed i n -
‘

conjunc tion with the activities of BLOCKS 3-12. Source documentation
references shall be maintained for each requirement identified and

traceability anal ysis shall be performed (BLOCK 13). Various cons i stency

and comp leteness checks (BLOCK 14) shall be accomp lished.

In the fol l owing paragraphs each block in Figure 6 is exp lained in the

general context of the requirements engineering activities which occur.

Following this general description is an exp lanation oriented to the

Concep tua l Phase and Validation Phase issues. The proximity of these

descri ptions has been chosen to communicate the subtleties between the two

phases which is too often misunderstood.

4.2 Identify and Review Source Documentation (BLOCK 1)

Durin g this task the requirements anal ysis team shall individuall y rev i ew
the source documentation in order to become familiar with the overall

system requirements. It may be appropriate to initiate a formal mechanism

to track individual and team concerils throughout the definition and

ana l ysis activ ities. During the review sessions the anal ysi s team shal l
perform a general evaluation of the r -quirenient types contained in the

source documen tation. The review of the source documenta tion and the

assessment of requirement types ~~~~~‘ prerequisites for developing the

requirements engineering plan (BLOCK ~
).
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4.2. 1 Conceptual Phase

The objective of the requirement s engineering activities during the
Conceptual Phase will be either to produce an initial system specification

(Type A) from available user documentation or to determine the quality of
the requirements in the initial system specification prior to the Validation
Phase activities. Pertinent documentation for producing an initia l system

specif ication inc ludes various p l ann ing and user requirements documents
(PMD , PMP , ROC , SON) along with specifications for similar systems, for
system interfaces , and for exist ing or previousl y defined subsystems. In
addition , documentation derived from engineering studies and prototyping or
experimenta l test systems sha ll be used in defining and anal yzing the
requirements of the system. if the engineering activities have advanced
beyond the planning and study stage , the initial system specification may
have already been prepared. If an in itial system specification does exist ,
the requirements and anal ysis activit ies shall be oriented towa rd evaluat ing
the system specification prior to the initiation of the Validation Phase.

4.2.2 Val idation Phase

The objective of the requirements engineering activitie s during the

Validation phase shall be (1) to refine the initial system specification
(Type A) derived from the Conceptual Phase in order to authenticate and
baseline the system operati onal recuirements and/or (2) to expand and
allocate the authenticated system specification requirements to system
end-items (CIs/ CPCIs). The initial system specification , along with other

pertinent documentation as described in the preceding paragraph , shaH be
used as an input to the BLOCK I activities in order to provide the basis for
authenticatin g the requ i rements of the system. On the other hand , the
authenticated system specification (Type A) shall be the input to BLOCK 1
activities leading to the allocation of requirements to system end- Items
(CIs and CPCIs) and the preparation of Computer Program Development
Spec ificat ions (TYPE B5).
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4.3 Produce Requirements Engineering Plan (BLOCK 2)

After review of the source documentation the anal ysis team shall determine
the specific approach to accomplishing BLOCKS 3-14. This approach shall

take into account all available resources including personnel , sche du l e ,
and financial considerations. The planning shall detail the methodology to
be app lied (tools , techni ques ,conven ti ons , etc.), spec i f i c tasks to be
accomp lished , personnel assignments , resou rce descriptions , schedu l e s
and milestones , preliminary and final documentation to be produced (BLOCK
12), progress reviews and quality assurance procedures. The results shall

be described in a requirements engineering pl an. - 

-

If automated tool s are selected to assist in the requirements definition

an d anal ysis of the source documentation , features of tool to be emp l oyed
shall be determined. This selection shall insure that the anal ys i s pro-
ceeds in a uniform manner , and the features of the automated tool satisfy

the requirement types identified in the source documentation. In addition ,
the planning shall identify specific automated ~~ports required during

subsequent requirements definition and analysis activities and for final
documentation.

4.4 Iden tify System Functions (BLOCK 3)

Dur ing this task the source documentation is anal yzed an d the system

functions , necessary to control or produce the desired outputs from the
ava ilable -i nputs , shall be identified . ~ function is a discrete activity

wi thin a system. The collection of discrete functions , defines the total

activities which must be accomplished by the system to achieve a given

objective. The functions identified shall range from high level (first

possible functional break out of the system) to detailed l ower level

functions which represent finite , dist i nct actions to be performed by system

equipment , computer programs , personnel , facilities , procedural data , or
combinations thereof.
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The requirements definition and analysis activit ies assoc iated wi th this
task shall be oriented toward identifying the actual user functional

requirements which are necessary to achieve the mission objective.

Naming a function is an important part of the requirements engineering

process. Function naming conventions shall be defined (BLOCK 2) and

cons istentl y app lied throughout the requirements definition and anal ys i s
activities. The followi ng are required or recommended conventions for

develop i ng func ti on names :

Required

• Each function shall be given a unique name conforming to the
function name in the source documentation or its characteristics.

• The function name shall be succinct. This increases the ability of
the reader to retain the idea being expressed , especia l l y for large
or comp lex systems consisting of many functions.

• The function name shall not imp ly any preference for a design
solu tion , even if the source documentation specifies design detail.

Recommended

• The following function naming constructs are reconinended. The use of
the subject constructs should be restricted to instances where the
verb constructs can not be derived :

CONSTRUCT EXAMPLE

Verb Boost

Verb Obj ect* Boost Vehicle
Boost Launch Vehicle
Disp lay Fa il at Ground Control
Read Manual Signal into Logic Stream

Compound Verb Recover and Evaluate
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Compound Verb , Objectt Recover and [valuate Vehicle
Recove r and [valuate Launch Vehicle

Subj ectt [va l uat ion
Pay load [va luat ion

LompoUtid Subject t Recovery and Ev a lua t ion
Veh i c le Recovery and [va luat ion
Pay load and Vehic le  Recovery and
Lval uat ion

* w ’th or w ’thout mod~fiers , suc h as adject ives and/or prepos itional
phrases.

• The function name should be limited to 50 characters or less ,
inc l uding blank characters (spaces) between word s in the function
name.

• Abbreviat ions wh ich are defined and maintained throughout the
requirements eng ineer ing act iv it ies may be used in the function
name.

As each function is identified and named , the primary and secondary

references to the source documentation shall be main tained (BLOCK 13). Lach

function shall he supp l emented by a descri ption of the function and its

purpose , a statement of the conditions under which the function is

activated , and a descri ption of the system external and internal inputs ,’
outputs that the function wi l l  receive , use , or generate. The latter

descr i ptions serve as a basis upon which the requirements engineering

act ivities of BLOCKS 7 , 9. and 10 will proceed.

4.4. 1 Conce2tual Phase

Prior to development of the initial system specitica tion (Type A), the

funct ional requirements of the system are not usuall y collect i vel y defined.
The anal ysis team shall i Jent~fy the functional requirements from available

source documentat ion and throug h i nterviews with the using agency. It an
init i al system specification has been prepared , the anal ysis team shall
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evaluate the functions directl y from the initi al system specification and
the support ing documentation as described in BLOCK 1. If the source
documentation ‘s evaluated to have justifiable and well defined functions ,
the anal ys i s team shall consider adopting the funct i onal identification. 

- -

The anal ysis team shall not be restricted to the specific function names
identified in the source documentation primaril y because ma ny source
documents tend to identify functional requirements in design or solution
terms.

4.4.2 Vali dation Phase

Du ri ng the Va 1~ dat ion Phase the initi al system specification (Type A)
shall be anal yzed and authenticate d. In addition , various end-item
develo pmen t (T ype B) specifications shall be produced (BLOCK 12). The
identification of system functions leading to the authentification of the
system specificat~on shal l proceed under the same guidance as described
above for the Conceptual Phase. Development specificati ons (Type B5s) are
initiated from the base lined requirements as documented in the authenticated
system specifi cat’on. Functional requirements in the authenticated system
specification are further anal yzed and refined. The anal ysis of system
requirements leading to the Type 85 specification generation (BLOCK 12)
shall be oriented towa rd allocating system functions i dentified in the
au thenticated system specification to specific CPCIs. As such , the
allocation shall be accomp lished without specific sol ution orientations
imp lied by the CPC J names or the function names below the CPCI.

4.5 Organ ize Functions into a hierarchical Structure (BLOCK 4)

In conjunct ion with identify ing the system functions as described in BLOCK

~~~~ 3. the functions shall be arranged into logical hierarchical structures
(Fi gure 2). This form of organization is suited for structuring system

— functional requirements in a logical arrangement for cosm-nunicating system
functions and the relationshi ps between the functions to desi gn engineers.
This form of organization provides a view of the system as an aggregate of
functions broken down into a logical arrangement of subordinate discrete
activities which must be performed. This logical form of organization is
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distinguished from the control-flow (BLOCK 9) and i nformation -flow (BLOCK
10) forms of organizing system functions.

The functions of the system shall be groupea into higher levels of
organization representing the first possible breakout of the system.
Upper— l evel functions shall be refined by the identification of subord i nate

levels. Each level of the hierarchy shall be limited to six functions or

less. Th is limit of six functions has been shown to increase the human

understanding of the system functional requirements. Should the need exist

for more than six functions at a given level , the analysis team shall

restructure upper levels of the hierarchical structure to resolve the

problem. In a functional hierarchy the sum of the activities of the
functions on a given level shall be equal to the activity at the next

higher level in the hierarchy . This principle means the total system

activities are defined by the functions at the l owest level in the
hierarchy .

During the course of the organization of functions into a logical 
4

hierarchy , the names of previously defined functions may be altered in

order to conform to the logical structuring. On the other hand , the
log ical structuring may necessitate the creation of pseudo-function names
in order to provide a means of organizing functions under special and
meaningful grouping s. In addition , the h i era rch i cal  struc tur i n g ma y
necessitate identification or creation of new functions which were omitted

in the source documentation.

4.5.1 Conceptual Phase

In developing the (Type A) system specification , the upper- l evels of the

system funct ional hierarc hy shall be limited to groupings which communicate
system operational needs. Many system developments require that the

system functions be organized into discrete segments. In this case, the
system becomes the first level of the functional hierarchy and the segment
become becomes the next lower level.
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System functions are organized into discrete segments when the system will
require the partici pation of several contractors and government agencies.
The group ings of system functions into segments shall be accomplished only

for the specific purpose of clearly defining the contr actual

responsibilities between the procuring agency and the contractor(s). If
this is the case , the system specification functional requirement s shal l be

alloca ted to various segmented specifications. Therefore , the fi rst level

breakout of the hierarchy shall represent the segment. If the allocation

is justifiable (because of predetermined contractual reasons), the analysis

team shall incorporate the segment organization into the second level of

the system hierarchical breakout. If the segmentation is not predetermined

and bind i ng , the analysis team may restructure the segments identif ied in

the source documentation when further analysis of the functions justifies

different segmentation and l ower-level functional breakdowns.

The nex t level (with or without segmenting ) is the functional area

(MIL-STD -480, 483 (USAF), and 490). An example of discrete top- l evel

functions at a functional area level in the hierarchy for an electronic

system might be surveillance , tracking, identification , interce ptor
con trol , and communications. The analysis team shall continue defining and

expanding the system functional requirements into a logical organization of

subord i nate functions , each level shall be limited to six functions or

less.

4.5.2 Val idation Phase

The hierarchical organization of functions i nto segments and functional

areas shall proceed under the same guidance as described above for the

Conceptual Phase. The functions of the system specifications (or segmented

specif~ication ) are further allocated to various end-items. In conjunction

wi th t h i s  a l loca t ion , the next level below the functional area in the

functional hierarchy is defined , the configuration item (CI), or i n the
case of Type B5 specification preparation , the Computer Program

Conf iguration Item (CPCI).
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Bel ow the CPC I , the hi erarch i cal struc ture cons i sts of func ti ons and any
number of subordinate functions. Naturall y, the definition of some branches

of the hierarchy will proceed more rapidl y and to a greater number of levels

than others. Areas needing more study shall be identified and the structure

sha l l  be com pleted when conclusions resulting from the studies are available .

The functional hierarchical structure shall include all the system functi ons.

During the course of defining, ana l y zing, and a l i ~.ca tin g system

requirements , the anal ysis team shall evaluate and be guided by existing

desi gn studies and other anal yses of system logistic support , system

ma i ntenance , system activation and test , and personnel and training. The

functional allocation shall identify specific problem areas (i.e. ,

technical , log istical , financial) where additional studies will be required

before the allocation can proceed or be validated. All allocations shall be

based upon sound engineering reasoning, since the allocation of system

functions to specific physical end-items is a major system desi gn decision.

Although this allocation may be predetermined by such considerations

as pol i cy , econom i cs , or existing system characteristics , it is essential

that the analysis team review all allocations thoroughl y in order to

validate the technical integrity of the resulting system. Primary and

secondary references to source documentation (studies , technical papers ,

etc.) supporting the justification of the organization of the functional

hierarchy Shdll be maintained (BLOCK 13).

4.6 Identify System Constraints (BLOCK 5)

In conjunction with the identification of system functions and organizing

functions into a hierarchical structure , the anal ysis t eam shall identify

all system constraints. The constraint requirements shall be limited to

performance , physical , operability and design. Test Requirement constraints

are addressed under BLOCK 11. Constraint requirements shall be derived from

ava ilable source documentation or from the results of trade-off studies ,

feasibility studies or advanced development studies. Lach constraint

requirement shall be related to specific function levels in the functional
hierarchy . A constraint app l i ed to a g i ven l evel in  the f u n c ti ona l
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P
hierarchy imp lies that the constraint is app licable to each l ower level

func tion in the hierarchy . As the constraint analysis continues the
constraints may be allocated to l ower level functions In the functional
hierarchy . Constraints which are not clearl y justified from available

documentation shall be eliminated from consideration until do~.umented

justification is available. All constraint requirements shall be stated in

specific quantifiable parameters , either as a single value or range of

val ues , inc iud ing the unit of measure , limit s , accu racy or precision , and
frequency.

Dur ing the course of identifying the various constraints Imposed on the

functions of the system , the analys i s team shall ver i fy that no combination
of constraints results in excessive or unrealistic engineering requirements

(BLOCK 14). Technica l risks identified by the anal ys i s of cons traints shall
be followed up by additional studies to resolve areas of conflict.

Primary and secondary references to source document ation and anal ysis

and studies which support and justify each constraint requirement shall be

maintained (BLOCK 13).

4.6.1 Conceptual Phase

During the Conceptual Phase the anal ysis team shall identify the constra i nt

requirements at the upper levels of the functional hierarc hy , namel y at the
system (or segment) level and functional area level. Detailing of

constraints below these first two levels shall be avoided unless specific

substant iated reasons exist to address constra i nts at l ower levels in the

functional hierarc hy. Over specifying constraints during initial system

specificat ion development limits the desi gn fl exibility during la ter phases
of the system acquisition life cycle. The constraint requirements wil l vary

with the available source documentation and the quality of engineering

studies accomp lished during the Conceptual Phase. System capacities and

accurac i es for a surve i l l ance system m ig ht i nclu de the max imum number of
intercepts , tracks , and sensors. Functions associated with information

processing might Include requirements for handling a specific number of
messages of a particular size , and at specif ic frequencies.
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The anal ysis team shall minimize constraints to requirements which can be

tested (BLOCK 11). Constraints which are high development risks or which

may conf l ic t  w i th  other constraint  requirements shall be examined in
subsequent Conceptual Phase or Validation Phase studies to clarify possiblc

confl icts and reduce technical , logisti cal and financial risks.

4.6.2 Validation Phase

The criteria described above for the Conceptual Phase shall app ly. The

anal ysis team shall eliminate all constraints which are not justified and

testable from the system specification or supporting studies and anal ys i s as
part of authenticating the requirements. In the preparation of the computer

program development specification (B5) requirements , the alloca tion of

constraints shall be extended to the CPCI as well as the CPCI subordinate

functions. All al l ocations shall result from system engineering decisions

based upon development studies. The analysis team shall determine the need

for additional studies to verify that the constraint requirements are

realis tic and with in the state-of-the—art. Specific solutions to technical

problems resul ting from Conceptual or Validation Phase studies shall be

omitted from development specification requirements (BLOCK 12). The study

results shall be used only to determine that constra i nt requirements are

realis tic and testable.

4.7 Identify System Using Activities (BLOCK 6)

Using activities (organizations , operational units , or operator positions)

which interact with the system shall be identified. The identification
of us ing activities provides the basis of information-flow analysis (BLOCK

10). The identification shall include the names of using organizations

identified in the source documentation or through other determinations such
as human eng ineering studies. Lower level position names , such as spec i f ic
operator positions shall be identified and described to the level of detail

required for the associated functions.
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Using activities are a form of design constraint  but are separat ely
presented in this guideb ook in order to support other requirements
engineering act ivities such as in format ion- f low analys is  (BLOCK 10).
Whenever using ac t i v i t i es  are ident i f ied , there must be suff ic ient
just i f ica t ion , such as eng i neering analysis , which clearly shows that the
us ing activity is necessary and represents an absolute requirement and not
j ust a desirable feature.

4.7.1 Conceptual Phase

The organizat ions , operat i onal units , and positions during the Conceptual
Phase shall be described for the upper levels of the functional hierarchy
and shall  concentrate upon describing the interaction of the using
activities with the system as a whole. The specific names of the
organization , operational units , and po s i t i o n s sha ll be determined from the
source documentation , interviews with the using activity , an d through
associate d studies and analyses , i.e. human engineering stu dies and
man-machine task analys is. The personnel position descri ptions shall

include the duties of personnel , and the numbers to operate , maintain and
control the system.

4.7.2 Validation Phase

During the Validation Phase the organizations , operational units , and

positions shall be further refined and al located to lower level functions ,

i.e. CPCIs and functions below the CPCI. human performance requirements

relat ive to the specific positions shall be considered as constraints upon

the associated functions. For instance , minimum response times for human

decision making , maximum time for response, etc., shall be identified.
Subsequently, BLOCK S shall be repeated to define the human factor
constraints and associate them with the proper functions.

4.8 Identify External System Inputs-Outputs (BLOCK 7)

In conjunction with identifying the using activities , the analysis team

shal l ident ify the output (responses) required from the system. Output
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information consists of system messages and reports necessary for the

operation , maintenance , control of the system and support of the mission

objectives.

Subsequent to each output being defined , the associated system inputs

(sti muli ) shall be identifi ed. The input information may be used directl y

from the external source or used by the system (see BLOCK 10) to derive all

or part of an output. Inputs and outputs shall be associated with their

respective sources or destinations. These sources and destinations may be

the using activities or external systems. Additional information al

requ i remen ts , such as internal in format ion necessary for the system ’ s
operation , shall be identifi ed during BLOCK 10.

Each input or output (I/O ) shall be gi ven a un i que name conforming to the

I/O name in the source documentation or its characteristic s. The I/O naming

convention shall be consistent throughout the requirements engineering

process and shall be defined during t.he requirements eng ineering p lann i ng
activities (BLOCK 2). Parts of an input or output shall be identified and

name d as the requirements engineering process continues. Primary and

secondary references to source documentation and anal ysis and studies which

ident i f ies the need for the I /O shall be maintained (BLOCK 13). Each

I /O sha l l  be sup p l emented by a description of the I/O and its purpose.

4.8.1 Conceptual Phase

The inpu ts and outputs defined during the Conceptual Phase shall concentrate

upon the upper level s of the functional hierarc hy. The emphasis shall be

upon identifying specific output requirements necessary for the operational

use of the system to achieve mission objectives. Output message formats

shall be specif ied to a level which can support additional anal ysis  of
information processing resource requireme nts during the Val idat ion Phase.
Spec ific outputs such as message formats shall be described by type, forma t
or s ize , and frequency. The level of detail may vary according to the
system or system segment being defined . Earl y i n the defini tion it may onl y
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be possible to define the existence or general nature of the outputs and
inputs. Inputs and outputs to other systems or system segments shall be
prec i sely defined.

4.8.2 Val idation Phase

During the Validation Phase the outputs and i nputs described in the authen-

ticated system specification shall be expanded and refined if not completed
during the Conceptual Phase. As a result of sizing and timing estimates ,
the output and input requirements shall be associated with speci fic CPCIs

and functions bel ow the CPCI. Quantitative parameters shall be described

for all inputs and outputs including unit s of measure , accuracy , the
precision requirements , and frequency. All I/O must be defined completely
by the end of the Validation Phase.

4.9 Structure System Inputs-Outputs (BLOCK 8)

Concurren t with BLOCK 6 and 7 activities , the system inputs and outputs

(I/O ) shal l be arranged into hiearchica l structures (Figure 3). The

emphasis on the I/O hierarchical structures is to organize the 1/0 and their
subordinate parts into logical organizations or simply as groupings of

information. Structuring the I/O is an effective means of identifying
incomp lete or missing I/O requirements and for comunicating the Input and
output requirements to desi gn engineers.

Parts of I/O identified during BLOCK 7 shal l be as sociated with other I/O
and organized into hierarchical structures. Changes and additions to the

I/O hierarchical structures may be required as info rmation-flow analysis
(BLOCK 10) is accomp lished. The upper part s of the individua l I/O

hierarchical structures shall be equivalent to the aggregate of the

subordinate parts in the hierarchy. During the course of organizing the I/O

into a hierarc hy, the names of previousl y defined I/O may be altered in

order to conform to the logical information structure being defined. On the
other han d , the hierarchical structuring may necessitate the creation of
pseudo input/output names in order to provide an effective means of
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organizing the I/O hierarchical structures in speci al and meaningful
grou pings. In addition , the hierarchical structuring may necessitate the
identification or creation of new I/O requirements which were omitted during

earlier requirements engineering activities or from the source documentation.

4.10 Perform Control -Flow Anal ys i s (BLOCK 9)

After the functions of the system are identified (BLOCK 3), the control flow
between the functions shall be described in control -flow diagrams.
Con trol-flow anal ys i s prov id es a means  of v i ew i n g the sys t em from an
activity-oriented perspective and is often referred to as functional -flow

anal ysis.  The c o n t r o l — f l o w  diagrams (Figure 4) shall describe the

sequential flow between system functions. The control—fl ow diagrams shall

indicate onl y the relationshi p between system func ti ons an d shal l not i mply

any lapse in time or intermediate activity . Conditions which determine the

flow directions shall be described using the following control -flow

rela tionshi ps as illustrated in Figure 4:

SERIES This is a sequential relationship between two or more
activities. This relationshi p is assumed unless an AND , OR ,
or UTILIZE rela tionshi p is indicated in the flow path.

AND Act iv i t ies  preceding the AND must be accomplished before the
flow may continue.

OR Any one of the alternate paths may lead to the next activity .
The conditions upon which the alternate paths are selected
are associated with the OR.

UTILIZES This relat ionship indicates that a function on a path is
dependent upon the use of one or more other functions in
order to accomplish its activities. A single function or
sequence of functions nay be defined once and uti l ized as
frequentl y as necessary in the control flow without having t~be redefined (repl icated ) for each use.

The control f low shal l  be restricted to concepts backed by system

engineer ing studies or the like which clearl y resolve any uncertaint y

of techn ical risks associated w i t h  the flow concept described. Where
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uncertainty exists the relationship s shall be described as tentative or not
completed , as appropriate , unt il subsequent anal ys i s resolves  the
uncertainty. As the contro l flow is identified , the primary and secondary
references to the source documentation shall be maintain ed (BLOCK 13).

Control-flow anal ysis will necessitate changes and additions to prev i ously
defined functions , constraints , and I /O , as wel l as the hierarchy structures
and oth er p rev i ousl y def i ned re lat i onsh i ps. Missing or incomplete
requirement s shall be determined and the deficiencies shall be corrected.

4.10.1 Conceptual Phase

Dur ing the Conceptual Phase the control-flow anal ysis shall be concentrated

upon describing the sequential flow (SERIES) between the functions of
the system. Condi t ions (AND , OR , UTILIZES)  which determine the f low
direction shall be described when appropriate to the Conceptual Phase

ana lyses performed . If an in itial system specification has been prepared ,
the analysis team shall evaluate the control—flow relationships contained in

the initial system specification and the other supporting documentation.

The control flow at the upper level s of the functional hierarchy shall be
addressed initiall y. As the functional hierarchy evolves , anal ys i s of the
con trol relationships allocated to l ower level functions shall be

accom p lished. As a result , the control -flow relation shi ps s h a l l  be
described for all l ower level functions identified during the Conceptual
Phase. The uncertainties in the control flow which are not resolved in the
Conceptual Phase shall he resolved during the Validation Phase.

4.10.2 Val idat ion Phase

The control-flow relationshi ps in the system specification developed during

the Conceptual Phase are further anal yzed and refined durin g the Valid ation

Phase. The con t ro l - f low ana l ys is  leading to the authenticated system
spec i f i ca ti on sha l l proceed under the same guidance as described above for

the Conceptual Phase. Control -flow analysis sha ll continue from the

basel ined requirements as documented in the authenticated system
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specification. The control-flow relationshi ps in the authenticated system

specification are further anal yzed and refined. The Type B5 control-flow

anal ysis shall be oriented toward defining the control flow between CP C I s
and between functions within CPCIs. The control-flow descript i on shall be

expanded as the system functional hierarchy evolves. The Va lid at i on Phase
control-flow descri pt i on shall include all four conditions (SERIES , AND , OR ,
UT ILI ZES) which determine the flow direction as appropr i ate. All

control-flow relationshi ps sha ll be comp leted by the end of the Validation

Phase.

4.11 Perform Information -Flow An i lysis (BLOCK 10 )

This activity builds upon the I/O hi erarchical structure (BLOCK 8) by

providing a means of anal yzing the system as an information processing

system (Figure 5). During thi s ana lys i s , the flow relationshi ps between

external system inputs and result ing outputs shall be identified in

information -flow diagram s. These diagrams provide the basis for determining - 
-

that each I/O i s use d , derived , or updated. An effective means of

information— flow anal ysis is to trace an output back to the system input :

ex ternal data , messa ges , or stimuli. This method permits the relationshi ps

between associated functions and the internal information necessary to

support the derivation of the output to be identified. The flow

assoc iations between system information shall be described using the

following information-flow rel ationshi ps as illustrated in Figure 5: H

USES This relationship indicates that a function on the path uses
external information (external input ) or internal system
information (internal input ) in order to accompli sh its
activities.

DERIVES This relationship indicates that a function on the path
derives either external information (external output ) or
internal system information (internal output ) as part of
its activities.

UPDATES Th is relationship indicates that a function on the path
updates internal system i nformation as part of its activ ities.
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The information flow shall indicate the relationship between system

functions and system information (external and internal system I/O) and

shall not imply any la pse in time or intermediate I/O being used , derive d ,
or updated . These rela tionsh ips shall be identified for each level in the

informat ion hierarchy . As the information analysis continues the

rela tionships shall be allocated to l ower lev .fls in the information

hierarchy as the I/O is identified (BLOCK 7) and structured (BLOC K 8).

For the purpose of informat ion-flow analysis , the using activities

identified during BLOCK 6 are integral to the definition of the system as

an aggrega te of hardware , computer programs , personnel , facil ities , and

procedural data. The relationships between the using activities shall be

described us i ng the fol low i ng information-flow rel ationships as illustrated

in Figure 5:

PROVIDES Th is relationship indicates that a using activity is the
source of the external input.

RECEIVES This relations hip indicates that a using activity is the
recipient of the external output .

The in formation flow shall be restricted to concept s backed by system

engineering studies or the like which clearly resolve any uncertainty or H

technical risks associated with the flow concept described. Where H

uncertainty exists the relationships shall be described as tentative or not H
com pleted as appropriate until subsequent analysis resolves the

uncerta inty. As the information flow is identified , the primary and

secondary references to the source documentation shall be maintained (BLOCK

13).

Informa tion-flow analysis w ill necessitate changes and additions to

prev iously defined functions , constra i nts , and I/O as well as the hierarchy
structures and other previ ously defined relationships. Missing or

i ncomp le te requ i rements shall be determined and the deficiencies shall be

corrected.
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4.11.1 Conceptual Phase

r~uring the Conceptual Phase the information-flow anal ysis shall be concen-
trated upon describing the information flow between system i nternal and
externa l I/O and associated functions (PROVIDES , RECEIVES).  Other
information-flow relationshi ps (USES, DERIVES , UPDATES) which describe the

system internal information flow shall be described when appropriate to the
Conceptual Phase anal yses performed. If an initial system specification

has been prepared , the analysis team shall eva luate the information—f low
rel ationshi ps contained in the initial system specification and other

supporting documentation. The information fl ow at the uper levels of the

information hierarc hy shall be addressed initiall y. As the information

hierarchy evolves , the information-flow relationships shall be al located to
appropriate l ower level s in the information hierarchy. As a result , the

information -flow rel ationshi ps shall be described for all l ower level

internal and external I/O and associated functions identified during the
Conceptual Phase . The uncertainties in the information flow which are ,~~

not resolved in the Conceptual Phase shall be resolved during the Validation

Phase.

4.11.2 Val idation Phase

The information-flow relationships in the system specification developed

during the Conceptual Phase are further anal yzed and refined during the
Va l idation Phase. The informat ion-flow anal ysis leading to the

authenticated System specification shall proceed under the same gu idance as
described above for the Conceptual Phase. The Type 85 information-fl ow
anal ysis shall continue from the baselined requirements as documented in the

authenticated system specification. The information-fl ow relationships in

the authenticated system specification are further anal yzed and refined.
The information—flow anal ysis leading to Type B5 specification generation

(BLOCK 12) shall be oriented toward defining the information fl ow between
CPCIs and functions within CPCIs. The information-flow description shall be

expanded as the system information hierarchy evol ves. All information-fl ow
rel ationships shall be completed by the end of the Validation Phase.
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4.12 Perform Test Anal ys is (BLOCK 11)

Test requirements identify the system requirements which will be evaluated
during system integration and test. The princi p le objective of test
anal ysis is to identify which areas in the system definition shal l undergo

formal test and verification. This is achieved by identifying test points
on the control-flow and information -flow paths (Figures 4 and 5). As the
con trol flows and information flows evolve , the ana l ysis team shall
determine test points on the flow paths. These test points shall be added
to the flow paths at the selected test data samp l ing locations. The
selection of test points shall be accomp lished concurrent with the test
p lanning a c t i v i t i e s .  As test case s are determined by anal ysis of the
con trol and information flows , the test po i n ts s h a l l  be desc ri be d an d
associated with test p lans and procedures.

The assoc i ati on between system test p l ans , anal yses , and studies documented

prior to , during, an d subsequent to the start of formal requirements

engineering is crucial to the overall requirements engineering concept.
Documented test obj ectives preceding forma l requirements engineering shall
be anal yzed. As a result , test points in the cont rol and information flows

shall be selected which provide data for various test cases which support

testing objectives. Test analysis will necessitate changes and additions to

previousl y defined system requirements definitions (functions , constraints ,

I/O , hierarchy structures , control and information flows , and associated
relationshi ps) in order to satisfy test objectives. Primary and secondary
references shall be maintained between the test points and associated test

plans and other supporting documentation (BLOCK 13).

4.12.1 Conceptual Phase

Before the development of the initial system specification , test objectives

may be identified in various early p lann ing documents , ana l yses , and
s tud ies .  Concurrent  w i t h  the deve lopment  of the i n i t i a l  sys tem
specification he Test and Evaluation Master Plan (TEMP) is prepared . The
TEMP documents the overall test philosophy , testing concepts , subsystem and
system test objectives , and the basic test planning Information. The TEMP
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and ‘he qL ll ity assurance section of the system specification (MIL-STD-

490/483 (USAF), Type A , System/Segment Specification) are the princip le test

planning requirements developed during the Conceptual Phase.

Prior to the development of the init ial system specif icat ion and TEMP ,
the anal ysis team shall anal yze the test objectives which are stated in

various planning documents , anal yses , and studies. Test points shall be

determined and associated w ith Conceptual Phase control flows and

information fl ows. The result i ng anal yses and test point determinations may

require changes to the requirements definition as previousl y described . The

preparation of the initial system specification quality assurance provisions

(BLOCK 12) and TEMP shall proceed from the test point determinations and

anal ysis activities performed during the Conceptua l Phase test anal ysis.

If an initial system specif ication and TEMP have been prepared , the anal ysis
team shall evaluate the test objectives and requirements of these additiona l

documents along with associated earl y planning documents , ana lyses , and

studies. As the test points and test cases are determined the quality

assurance provisions of the system specification may require clarification

and refinement. Subsequen t to the authentification of the system

specification , the quality assurance provisions shall be required and

therefore reflected in the contractor test plans and procedures.

4.12.2 Validation Phase

Test points in the system specif icat ion developed during the Conce ptua l

Phase sha ll be fur ther ana lyzed and refined as the control and information

flows evolve during the Va lidation Phase. The test anal ysis leading to the

authenticated system specification shall procee d un der the same gu i dance as
described above for the Conceptual Phase. Validation Phase test anal ys i s
lea ding to the generation of development specifications (Type B5s) shall be

based upon Conceptual Phase test anal yses. The Conceptual Phase test points

shall be further refined and a llocated to Val idat ion Phase control and

information flows . If test points were not i dentified during the Conceptual

Phase activities , the analysis team shall identify test points for

Val idation Phase control and information flows in the same manner as
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described for the Conceptual Phase. The test po i nts shall continue to be
refined as the control and ~nfoniia ti on ‘lows evolve during the Validation -

‘

Phase. A ll test points shall be descr~bed by the conclusion of the

Validation Phase and integrated into the evo lv ing  qual ity assurance section
of development specifications (MIL-STD-490/483 (USAF), Type B5) and
associated test plans and procedures.

4.13 Prepare Specific ation Documentation (BLOCK 12)

The prepara t ion  of s p e c i f i c a t i o n  documents sha l l  be accomp lished in

accordance w ’ t h  M IL-STD - 49O as supp lemented by M I L-STD-483 (USAF ).
Specifications se’-ve to document the system requirements throughout the

system acquisition life cycle. In A ir Force acquisitions these documents

are an integral part of the management concept : configuration management ,
data management , system integration and testi ng , and contracting.

The system requirements definition and anal ysis activities (BLOCKS 3-11)

provide the basis upon which the preparation of specification documents
s h a l l  proceed. The products of BLOCKS 3-11 (functional hierarchical

structures , I/O hierarchical structures , control flows , information fl ows,

etc.) shall be incorporated directl y into the specification documents in

acco rdance w ith the prescribed format of MIL-STD-490/483. Additional

spec if icat i on document inputs (text , etc. ) may be required to complete the
documert , however , the additions shall not conflict with the requirements

eng ineer i ng products previousl y produced. A ll requirements in the

specif ication documents shall be traceable to the products of the

requirements engineering performed as described in BLOCKS 3-11. Therefore,

each specification document shall be cross-referenced to the requirements

engineer ing products (BLOCKS 3-11).

Where the specification document paragraphs require additional text to

satisfy MIL-STD-490/483 (USAF ) specification preparation requirements, the

text shall be direct and succinct. The text shall be free of vague and

ambi guous terms. The text shall use the simp lest words and phrases which

convey the intended meaning. Systc n requirements shall be complete , whether
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by direct st  atciu ents or r e f e r e n c e s  to other documents • s uch as t h e

requireme nt.s engineering pr oducts (BLOCKS 3-11) or other docum ents as

ident ified and maintained (BLOCK 13). Consistency in terminology and the

organ izat ion of mate rial w i l l  cont.rtbute to the spec i f i ca t ion  document ’ s
c lar i ty  and usefulness. The intent, of the text is to provide supp lemental
understand ing of the requ I reinent.s i dent. I fled and anal yzed prev ious l y. A s
such the sty le of w r i t i n g  shal 1 emp ha size short. and concise sentence

stru cture. We l l—written sent.eiices shall be r equi  red w ith a m i nimum of
pun c t u a t  ion. Pun ctua t. ion shall be used to a I d read i rig and prevent .
misunderstandings. When exte n sive punctuation is requ i red for clarity , the

sentence shall be rest ructured to eliminate the dot Ic iency. The emphas is
shal 1 be upon short and concise sentences and t he elimination of compound
clauses. Addi t i onal  sty le , fo rmat and general instruct ions for prepdrdtion
of specification documents shall be accomp l i shed as descr ibed  In
MIL-STD— 490, paragraph 3.~’.

Care shall be taken t.o ensure that the supp l emental text , statements do not.
con f l i c t  with previousl y de fined syst em requi rements (BL OCKS 3—1 1). Where
conf l ic t  s ar ise , the previous requIrements defini t. ions and anal ysis shall

take precedence , the con f l i c t s  iii the supp l emental tex t , shall be removed .
Reaccomp i I sh i rig prey i oti s tasks (BL OCKS 3 — 1 1 )  may be necessary where

conflicts indicate def iciencies in product.s developed during earlier system

def in i t ion and anal ys is. The notes sect. ion of each spec if i cat i  on document.

(Sect ion b , Notes) shal 1 he used for background I nfonnat ion or rat I onale

which nay be of ass I st a nce in understand i rig the requ i rement S or

specification itself.

4.13.1 Conceptu a l Phase

Air orce System Spec i fic at , I otis are prepared In accordance with MI t —SIL)—490
Appendix I (Type A , System S p e c i f i c a t i o n ) as supp l emented by MI L —ST D — 4~

)
( USAF) . A ppendix III (System Spec i f i ca t ion / System Segment . Speci f icat ion) .  

F

If the requ i remen ts  e nq i nt ’erin act i v It .tes (BLOCKS 1— 1 1 )  have been
accomp lished prior t.~ t hi’ (level opotent . ot an i n it Ia 1 system SPOC it - I cat . Ion .
the m i t  i.il system spec If icat Ion shall be developed as described In 4.13.

1/
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it an i ni t i al system specification has been prepared , the requirements
eng i neering activities (BLOCKS 1-11 ) shall be accompl ished and a new system
spec if ica t ion shall be prepared as described in 4.13. The resulting system
specit i cat i on shall be the basis upon which the V a lidation Phase is
in it iated. Table ~ provides a cross reference between the requi rements
eng ineer ing activities described In th i s guidebook and the associated
paragra ph requirements in M I L -STD-49 O/4 8 3 (USAF ) for Type A , System

Specifications.

4.13.~’ Validation Phase

It an initia l system specification has been prepared but has not been

authenticated , the requirement.s engineering activi t ies shall be accomp lished
(BLOCKS 3 - 1 1)  and a new system specification shall be generated as described

in 4.13. The new gen erated system spe c i f i c a t i o n  titay become the

au thent ica t ed system sp e cif i cation i t contractuall y required by the

procuring ac ti vity . Again , lable ~ provides a cross reference between the

requ i rements engineering activit ies described in this standard and the
associated paragraph requirements in M1L-STL)-490/483 (USAF ) for Type A ,

System Speci ficat ions. The preparation of Computer Program Devrlopment

Specificat ions (lurIng the Validation Phase shall be done In accordance

w i t h MIL-STD -490 , A ppendix VI (Type B5 , Com puter Program Development

Specification) as supp l emented by MIL-STD-483 (USAF), Ap pendix VI (Type
US . Computer Program Conf iguration Item Specification ). Table 3 provid es a

cross refe rence between the requirements engineering act iv i t i es described
In this guidebook and the associated paragraph requirements in M1L-STD-
490/483 (USAF ) appendIces for Type B5 specif icat ion preparation.

4. 14 Perform I i’a ce ability Ana l y s_ i s (BL_1~CK 1 3)

System requ i rements traceability Is anot her effective means of Identify i ng
incomp lete or m issIng requirements. Traceabi lit.y gives the anal yst a means
of ver ifying the requ i rements by l inkIng each requirement to the varying

forms of source document at ion such as program directives and p lans , studies ,
analyses , test plans . assoc iated specif ications (Type A , B, etc.) and the

~~ItIIL~. -~ ~~~~~~~~ -. - ~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Tab le 2. Cross Reference between System Specification (Type A)
Documentation and Requirements Lngineering Activities

MIL-STD-490/483 (USAF ) Requirements Eng ineering
Paragraphs A ctivities (BLOCKS)

Section 1. Scope
Section 2. App l icab le Documents 1,13 

F

Section 3. Requ i rements F

3.1 System Definition 3,4
3.1.1 General Descri ption 4
3.1.2 Missions 3-10
3.1.3 Threat
3.1.4 System Diagrams 4,9,11
3.1.5 Interface Definition 3-10
3.1.h Government Furnished Property List 5
3.1. 1 Operational and Organizational Concepts 6
3.2 Characteristics
3.2.1 Performance Characterist ics 5
3.2.2 Physical Characteristics 5
3.2.3 Re l iab i l i t .y 5
3.2.4 Ma intainabil i ty 5
3.2 .5 Ava i l ab i l i t y  5
3.2.b System E ffectiveness Model s 5
3.2 .1 Lnv i ronmental Condit ions 5 F
3.2 .8 Nuclear Control Requirements 5
3.3 Des ign and Construction 5
3.3.1 Materials , P rocesses , and Parts 5
3.3.2 Electromagnetic Radiation 5
3.3.3 Namep lates and Product Markings 5
3. 3.4 Wo rkmansh i p 5
3.3. 5 Interchangeabil ity 5
3.3.b Safety 5
3.3. 1 Human Performance/ Human Engineering 5
3.3.8 Computer Programing 5
3.4 Documentation 1,13
3.5 Logist ics
3.5.1 Maintenance S
3.5.2 Supp ly 5
3.5.3 Faci l i ty and Faci l i ty  Equipment 5
3.6 Personnel and Training
3.b .1 Personnel 5
3.6 .2 Training 5
3.1 Functional Area Charac teristics 3—10
3.8 Precedence 3-10

Section 4. Qual ity Assurance Provisions 11,13
4.1 General 11 ,13
1.1 .1 Responsibilit y for Tests 11 ,13
4.1.2 Special Tests and Lxaminations 11 ,13
4.2 Quality Conformance Inspections 11 ,13

Section 5. Preparat ion for Delivery S
Sect.ion 6. Not.es 1 ,3-11 ,13
Section 10. Appendices 1 ,3-11 ,13

4q
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Table 3. Cross Reference between Computer Program Development
Specification (Type B5) Documentation and Requirements
Engineering Activities

MIL -STD-490/483 (USAF ) Requirements Engineering
Paragraphs Activities (BLOCKS)

Secti on 1 . Sco pe

1.1 Identification
1.2 Functional Sumary 3

Section 2. App li ca bl e Documen ts 1,13

Section 3. Requirements
3.1 Computer Program Definition
3.1.1 Interface Requirements 3-10
3.1.1.1 Interface Block Diagram 3—10
3.1.1.2 Detailed Interface Definition 3—10
3.2 Detailed Functional Requirements 3,4 ,9 ,11
3.2X Function X 3,4 ,9
3.2 .X.1 Inputs 6 ,7 ,8,9,10
3.2 .X.2 Processing 3 ,4 ,5 ,9
3.2.X.3 Outputs 6,7 ,8,9,10
3.2.n Special Requirements 5,11
3.2.n.1 Huma n Performance 5
3.2.n.2 Government-Furnished Property List 5
3.3 Adaptation 6,7,8,10
3.3.1 General Environment 5
3.3.2 System Parameters 5
3.3.3 System Capacities 5

Section 4. Qua lity Assurance Provisions

4.1 Introduction 11
4.1. 1 Category I Test 11
4.1.2 Computer Programing Test and Evaluation 11
4.1.3 Preliminary Qualif ication Tests 11
4.1.4 Forma l Qualification Tests 11
4.1.5 Category II System Test Program 11
4.2 Test Requirements 11
4.3 Acceptance Test Requirements 11

Section 5. Preparation for Delivery 5

Section 6. Notes 1,3-11,13

Section 10. Appendices 1,3-11,13
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like. Throughout the requirements engineering activities the need exists
for the ana lyst to be able to evaluate the impact of changes and additions

to the requirements. Whatever the reason (policy , econom i cs , study or

ana l ys is results , eng ineering change proposals , etc.) traceability

provides the capability to readil y ident i fy associated impacts to the

system definition as wel l  as to trace the impacts to all other assoc i ated
documentation. Requirement change impacts can be readily analyzed and the

appropriate actions taken. The trace links to associated plans , ana l yses ,
studies , and specifications accomp lished prior to , during, and subse quent
to the star t  of formal requirements engineer ing are crucial  to the
integrity of the requirements definition process.

Throughou t the requirements engineering activities (BLOCKS 3-11), each
r~q~irement shal l be associated with the sources of the requirement (source

documents). These source references shall relate the system requirements

to all associated specifications , stu di es , ana lyses , plans , Ty pes A , B , and

C specif ications , program management directives and p l ans , system sizing

and timing studies , prototyp ing, simulations , test plannin g, and the like.

Two forms of references sha ll be provided : primary and secondary source

references. Primary source references refer to specific paragraphs i n

source documentation which are the origin of the requirement. Secondary
source references refer to specific paragraphs in the source documentation

which provide information about closely related requirements , discussions

of the rationa le about the requirement or other useful background

informati on.

4.15 Perform Cons istency and Comp leteness Anajysis (BLOCK 14)

Throughou t the requirements engineering activities (BLOCKS 3-13) anal ysis
of the cons i stency an d completeness of the requirements definition assures

the Integrity of the system being defined. Associated with each

requ i rements engineering activity are various consistency and comple teness
checks wh ich shall be performed concurrent with each block :

_ _ _ _ _ _ _ _ _ _ _ _  ~~~~~~~~~~~~~~~ 
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4.15.1 Identify System Functions: Block 3

• Are all functions defined in operat i onal terms as opposed to
solution oriented terminology such as data processing terms?
Remove or rename a l l func ti ons wh i ch imply “how-to ”.

• Are the functions backed by studies or the like which resolve
technical risks? Remove all functions which are not feasible or
anal yze the risks and resolve any uncerta i nty.

• Are all source references identified for each function?

• Have high level functions been broken down into lower level
functions?

• Can any func t ions  be consol ida ted ? Can dup l icated or similar
function s be eliminated or consolidated?

4.15 .2 Organize Functions into a Hierarchical Structure : Block 4

• Does the hierarchical structure contain all functions defined?

• Have all source references support ing the functional hierarchy
been identified?

• Does the sur~ of the act iv i t ies  of each group of l ower level
functions represent the activities of the function at the next F

hi gher level in the functional hierarchy ? Are there any missing
l ower leve l functions?

• Does each level of the functional hierarchy structure consist of
six functions or less? If not , restructure the hierarchy .

• Does the hierarchy of functions contain all supporting functions
which are necessary for the operation of the system?

4.15.3 Identify System Constra i nts: Block 5

• Have all constraints been associated with specific function
levels In the functional hierarchy ?
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• Do constraint s have source documentation references? Each
constraint shall be backed by documentation which provides the - -

rationale , or feasibility for the constraint . If no source
reference is identified or available the constraint shall be
el iminated .

• Do any combinations of constraint requirements imposed on the
functions result in excessive or unrealistic engineering
requirements , thereby increasing costs technical and schedule
risks during the acquisition life cycle? Where uncertainty or
confl icts exist , further anal ysis shall be performed. As a
result the conflicts shall be removed by eliminating or adjusting
the conflicting requirements.

• Is each constraint requirement defined in quantifiable terms :
single val ues or range of values , including units of measure ,
limits , accuracy or precision , and frequency?

• Have constraints been overspecified? Excessive constraints
eliminate design flexibility.

• Are constraint requirements appl ied to the appropriate 
- -

functions?

4.15.4 Identify System Using Activities: Block 6

• Have all using activities (organizations , operational units ,
or posi tions) been identified and related to associated inputs
and outputs?

• Have all using activity source references been identified?

4.15.5 Identify External System Inputs-Outputs: Block 7

• Have all external system Inputs and Outputs been identified?

• Have all required external I/O formats (messages , etc.) been
ident i fied?

• Are al l e.~ternal I/O associated with using activities (BLOCK 6)
and functions (BLOCK 10)?

• Are all external I/O source document references identified?

53
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4.15.6 Structure System Inputs-Outputs: Block 8

• Does the information hierarchy structure contain all I/O as F

described in the source documentation?

• Does the sum of the I/O at a given level represent the total
contents of the I/O at the next higher level in the hierarchy ?

• Do the I/O structures represent the contents of required messages ,
etc.? 

- -

4.15.7 Perform Control-Flow Analysis: Block 9 F

• Is there a control-flow sequence defined for every function?

• Is each control-fl ow sequence complete and logicall y correct? No
la pse in time or intermediate activity shall be implied between
functions in the control-flow sequence.

• Are all conditions which determi ne the flow direction described
using the control-fl ow relationships (SERIES , AND , OR , and
U T I L I Z E ) ?

• Are Conceptual Phase control flows primaril y SERIES fl ows?

• Is each control-flow sequence referenced to source documentation
which establishes the need and rationale for the control-fl ow
sequence as wel l as resolves any uncertainty of technical risks?

• Are all control flows complete at the conclusion of the Validation
Phase?

4.15.8 Perform Information-Flow Ana lysis: Block 10

• Is there an information-flow sequence defined for every external
output desired? Can every external output be traced to inputs?

• Is every external input and output used?
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• Is each information-f low sequence comp lete an d l og i cal ly correct?
The information flow shall indicate only the relationship between
system functions and system information (external and internal
system I/O) and sha ll not imply any l apse in time or intermediate
I/O bei ng used , de ri ved , or updated.

• Are all information-fl ow relationships (USES, DERIVES , UPDATES ,
PROVIDES , and RECEIVES) described as appropriate in each
information—flow sequence?

• Are all using activities (BLOCK 6) associated with system external
I/ O?

• Is each information -fl ow sequence referenced to source
documentation which establishes the need for the information-fl ow
sequence as well as resolves any uncertainty or technica l risks?

4.15.9 Perform Test Anal ys i s : B l ock 11

• Are all test points identified?

• Are the test poi nt source references (TEMP , Test Cases , Test Plans
and Procedures, Qua lity Assurance Provisions of specifications ,
etc.) identified?

• Are test points al l ocated to control and i nformation flows which
are appropriate to the system definition being described ,
documented , and tested ?

• Have all test points been identified at the conclusion of the
Val idation Phase?

4.15.10 Prepare Specification Documentation: Block 12

• Have all requirements defined during BLOCK 3-11 been incorporated
into the appropriate specification paragraphs as described in
Tables 2 and 3?

• Has supp lemental text been restricted and concisely written as
described In BLOCK 12?
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• Has supplemental text been reviewed to identify any conflicts
between the text and the system requi rements defined in BLOCKS
3-11? Remove any conflicts in the text or reaccomplished analysisto resolve deficiencies.

4.15.11 Perform Traceabili ty Analysis: Block 13

• Have all system requirements (functions , contraints , control and
information flows , etc.) been associated with primary and
secondary source reference?

• Have all system requirements which have no source references
been el iminated? 

- . - . -- - . -~ ~~~~~~
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APPENDIX A - GLOSSARY

This appendix consists of definitions of the major terms used throughout
th is document and conc l udes with a list of acronyms and abbreviations.
The definitions are drawn from a variety of sources which are identified
at the conclusion of the definition section.

DEF INITIONS

Ac quisition Life Cycle — The five phases of system and related item
acquisition (Conceptual , Validation , Full -Sca le Develo pment , Pro duc ti on
and Deployment) with three key decision points (Program , Ratification ,
and Production Decis ions) between each of the first four phases. A prog ram
may skip a phase , have program elements in any or all other phases , or have
mul tiple decision points per phase. (AFR 800-2) [1] (See also System/
Acqu isition Life Cycle). These phases are being redefined [12], [13].

And - Activities preced i ng the AND must be accompl i shed before the flow may
continue.

A u t h e n t i cate  - The ac t of s i gn i fy ing (by the approval signature of a
res ponsible person of the procuring activity ) that the Government is
in agreement with the requirements contained in the specification.
Authentication by the procuring activity normally will be accompl i shed
on that issue of the specification which is to be the contractual
requirement for the baseline which that particular specification defines
(MIL-STD-483 (USAF) paragraph 3.4.9). [2]

Ava ilability - The degree to which the system shall be in an operable
and committa ble state at the start of the mission(s) is called for at an
unknown (random ) point in time [3]. Reliability and Maintainability are
interrel ated. The formula used to express this relationship is:

A = 
MTBF

MTBF MTTR

where

A = Ava i l a bi l i t y
MTBF = Mean T ime Between Fa i l ure
MTTR Mean Time to Repair

A figure of merit such as Ava ilability is much more meaningful when
ap plied to systems that operate continuously rather than the use of
MTBF. [1] (See also Rel iability and Ma i ntainability )
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Base L ine - A configuration identification doc ument or a set of such
documents formally designated and fixed at a specific time during a Cl ’ s
li fe cycle. Base lines , plus approved changes from those base lines ,
const i tute the current configuration identification. For configuration
management there are three base lines , as follows :

a. Functional Base line. The initial approved functiona l config-
uration identif ication.

b. Allocated Base line. The initial approved allocated configur-
ation identification.

c. Product Base line. The initial approved or conditionally
approved product configuration identification. (DOD Directive.
501O.19 ).[4]

C i v i l Eng i neer i ng - This  term refers to the Air Force civi l  engineering
func tions as they relate to the design , construc tion maintenance , and
operation of facilities necessary to support the acquisition and operation
of a system or a major modif icat ion program. The impact of the various
technical functions on Air Force civil engineering functions must be
cons id ered th rougho ut the process of develo p in g and acquiring a supportable
and cos t -e f fec t ive  system. Civ i l  engineering requirements are derived as a
part of the sys tems engineering process (see AFM 86- 1) .  (See a lso
Engineering Management ). [6]

C omputer Program - The computer program as it pertains to configuration
mana gement is a configuration item defined as a deck of punched cards,
magnet ic or paper tapes , or other physical med i um containing a sequence of
instructions and data in a form suitable for insertion into a computer.
Com puter programs used for administrative purposes and those not associated
with system/equipment managed by AFR 65-3 are controlled by AFR 300-2.
(See def ini t ion under Software). [5]

C omputer Program Component (CPC) - A CPC is a functionally or logically
dist inct part of a computer program configuration item ( CPC I) distinguished
for purposes of conven ience in designing and specifying a complete CPC I as
an assembly of subordinate elements. [5], [7]

Computer Program Confi guration Item (CPC I) — The computer prog ram as i t
perta ins to conf igurat uiôn management is a conf iguration item. A CPC I is
def i ned as a deck of punche d car d s , magnet ic  or pa per tapes , or other
physical med i um containing a sequence of instructions and data in a form
suitable for insertion into a computer. (See also Computer Program) [8]

Computer Program Development Plan (CPDP) - The CPDP is the plan which
iden tifies the actions required to di~elo p and deliver computer program
confi guration items and necessary support resources. It is prepared by the
implementing command or,i f the develo pment effort is contracte d , the plan
may be prepared by the contract or and approved by the imp l ementin g
command. (AFR 800—14, Vol I I )  [9]

Computer Program Development Specification - Also cal led Computer Program
Configuration Item Specification , MIL-STD-483 (USAF), see Type B5.
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Co mput er Pro gram L i fe Cycle - The sequenc e of ac ti v iti es grou ped i n to
phases that characterize the typical process of softwa re production and
use. The phases are

Anal ysis Phase
Des ig n Phase
Coding and Checkout Phase
Test and Integration Phase
Instal lat ion Phase
Operation and Support Phase

A particular computer program w i l l  undergo these phases at least once
during the system acquisition li fe cycle , however , this may occur entirely
in one phase of the system a c q u i s i t i o n  l i f e  cyc le (e.g. , a m i s s i o n
simulation computer program in the conceptual phase ) or over several system
acquisition phases (e.g., a m ission application program developed over the
validation , full -scale development and production phases). See AFR 800-14
Volume II , Section 2-8, for further discussion of the computer program life
cycle in the system acquisi tion life cycle. [8]

Concept of Operations. A verbal or written statement , in broad outline , of
a commander ’ s assumptions or intent in regard to an operation or series of
operations. The concept of opera tions frequently is embodied in campaign
plans and operation plans , in the latter case particularly when the plan
covers a series of connected operations to be carried out sim ultaneously or

F 
in succession. The concept is designed to give the overal l picture of the
operation. It is included primarily for addit ional clarity of purpose and
is frequently referred to as commander ’ s concept. (Source: JCS Pub. 1)
[13].

Conceptual Phase - The in i t ia l  period when the technical , mil i tary , and
economic bases for acquisiti on progra tu 5 are e s t a b l i s h e d  through
comprehensive studies and experimental hardware development and evaluation.
The outputs are a l tern at ive concepts and their characteristic s (estimated
oper ati onal , schedule , procurement , costs , and support parameters) which
serve as inputs to the Decision Coordinating Paper (DCP) on major systems ,
Program Memoran da (PM) on smaller systems /equipment , and to HQ USAF
decision documents (Program Management Directives) for programs that do not
requ ire OSD decisions. (AFR 800-2) [1] (see also Acquisition Life
Cycle

Conf iguration - The functional and/or physical characteristics of hardware/
software as set forth in technical documentation and achieved in a product.
(DOD Direct ive 5010.19) [4]

C onfiguration Control - The systematic evaluation , coordination , a pp roval
or d isapprova l , and implementation of all approved changes in the
conf iguration of a CI after formal establishment of its configuration
identification. (DOD Directive 5010.19) [4]

Conf i9uration Item (CI) - An aggregation of hardwa re/computer programs of
any of its disc rete portions , wh ich satisfies an end—use function and is
designated by the Government for configuration management. CIs nay vary
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widel y i n comp lexity , si:e and type , from an aircraft , electronic or ship
system to test meter or round of amm unition. During development and
njnutacture of the initi a l (prototype ) production configuration , CI s are
those spe cification items whose functions and perfo rmance parameters must
be defined (specified) and controlled to achieve the overall end-use
function and performance. Any item required for logistic support and
designated for separate procurement is a configuration item. (AFR 65-3)
[1] The third level in tL� functional hierarchical structure. (See also
Systen~ Segment , Functional Area , and CPCI)

C o n t i ~jur ati o n Mana g ement - A d i s c i p l i n e  applying technical and
ad iiminis trative direction and surveillance to (1) identify and document the
functional and physical characteristics of a configuration item , (2)
control changes to those characteristics , an d (3) record and report change
process ’ng and implementation status. (DOD Directive 5010.19, AFR 65—3 ,
AFR 800-3) [4],[6] (See also Engineering Management)

Constraints - Performance Requ irements , Physical Requirements , Operability,
Tes t R~q~i rements, and Design Requ i rements.

Con t rac tor - An i n di v id ua l , partnership , com pany , cor porat i on , or
association having a contract with the procuring activity for the design ,
develo pmen t , des ig n an d manufac ture , ma i ntenance , modification or supply of
items under the terms of a contract. A government activity performing any
or all of the above actions is considered to be a contractor for
configuration management purposes . [4]

Con trol Flow (also called Functional Flow ) - The description of the logical
flow in which the syste~ func ti ons a re accom plished in order to control
the system functions and satisfy the operational requ i rements . The control
fl ow indicates only the relationship between system functions and does not
imp l y any lapse in time or intermediate activity. Conditions which
determine the flow directions are described using the control-flow
relationshi ps: SERIES , AND , OR , and UTILIZES.

Dec i s i on Coor din a t i n g  P~j~~~j~~ j - The principle document to record
essential system program information for use in support of the Secretary of
Defense/Secretary of the Air Force decision making process. A DCP intended
for final approval by the Secretary of the Air Forc e is cal led an Air Forc e
Dec ision Coordinating Paper (AFDCP). (Ref: AFR800-2) [13]

Deficienç,y — Operational need minus existing and planned capability . The
degree of inability to successfully accomplish one or more mission tasks or
functions required to achieve mission or mission area objectives.
Deficiencies mig ht arise from changing mission objectives , opposing threa t
systems , changes in the environment , ob so lesence , or depreciation in
current mil itar ~ assets. [13]

Be end abi li t - Dependability addresses the issues of system survivabil ity,
vulnera bi ity (S/V) and external electro m agnetic interfere nce.
Surv ivability is the ability of the system to achieve its mission under the
cond itions of a man-made hostile env i ronment . In addition the system may

m-

~

_-

~ 

-. 
~~~~~

- ‘~rifi:Iii ~L - - 
~~~

; - -
~ —



be required to operate under the conditions of i nterference from external
electromagnetic sources (Electromagnetic compatibility) as wel l as operate
under threat of possible electronic countermeasures (ECM) such as spoofing
and j amming.

Depl oymen t Phase - The per i od begi nn i ng wit h the user ’s acce ptance of the
fi rst operational unit and extending until the system is phased out of the
inventory . It overlaps the production phase. (AFR 800-2 ) [1]

DERIVES - This relationship indicates that a function on the path derives
ei ther external information (external output) or internal system
in format ion ( internal  output) as part of its activities. (See also
Information Flow)

Des ign and Construction - Minimum or essential requirements that are
not controlled by performance characteristics , i nterface requ i remen ts, or
referenced documents shall be specifi ed . They shall i nclude ap propr i ate
design standards , requ i rements govern i ng the use or selec ti on of mater i als ,
parts and processes , in terchan geab i l ity requ i remen ts , safe ty requi rements ,
and the like. Requirements for materials to be used in the item or service
covered by the specification shall be stated , exce pt where it i s more
practicable to include the information in other paragraphs. Requirements
of a general nature shou ld be first , followed by s pec i f ic requ i rements for
the ma ter i a l .  Def i n i t i ve documen ts sha l l  be reference d for the ma ter i al
when such documents cover materials of the required quality . [3]

Des ign Eng ineering - This function uses the technical information
(requirements , goals , criteria , constraints , etc.) developed through the
systems engineering process to develop detailed design approaches , design
solu ti ons , and the test procedures to prove these solutions. [6] (See
al so Engineering Management)

Design Requirements - The minimum or essential design and construction
requiremen ts ~hic h are not addressed by other constraint requirement
types: performance, physica l, operability, and test requirements. During
the initial phases of systems requirements eng ineering , certa i n des i gn
and construction standards (see Design and Construction ) may be specified
directl y or by reference to ot her spec i f i cat i ons or stan dar ds. As the
system devel opment continues , eng i neering analysis and trade study results
(as we l l  as other eng ineering a c t i v i t i e s  such as prototyp ing and
simulations) may indicate the need for additional design constraints which
are prac t ica b le and necessary for the system ’ s operat i on an d ma i n tenance
(O&M).

Developmen t (Part I or Type 85) Specif ication - A document which specifies
the requ irements peculiar to the design , devel opmen t , func ti onal
performance , test , an d qualification of the configuration item. It
establishes performance criteria and test criteria for which  the program
shal l be designed/ devel oped [MIL-STD-483 (USAF)]. [7] (See also Type B
Specification and Specifications) 
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Developmen t Test & Evaluation (DT&E) - That testing and evaluation of
individual components , subsys tems , and , in certain cases, the compl ete
system , which is conducted predominantly by the contractor. [7]

D iscrete Event S imulat i on - On the system level , a discrete event
~Ti~ul ation may be utilized to support computer system studies. A discrete
event simulation is one in which informa tion blocks and computer program
timing can be replicated allowing evaluation of throughput capability and
identification of potent ial design problems. This type of simulation is
used to check the software design for possible discrepancies that might
cause the system to be saturated as a result of either information
overl oads or time responses that are slowe r than required . These studies
provide estimates of computer sizing and timing for the processing
requirements and they evaluate the real-time computational conflicts ,
including the effects of interrupts. [9] (see also functional simulation ,
Sc ienti f ic Simula tion , Engineering Simulation)

Elec tromagnetic Compatibility (EMC) - Defined as ‘~the capabi lity of an
equipment , com ponent , subsystem or system to operate in its operational
el ectromagnetic environment at design levels of efficiency, without causing
or suffering unacce ptabl e degradation due to el ectromagnetic interference.”
The ap p lication of approved EMC standards in the development and
procuremen t of equipment is required by AFR 80-23 (para 6d) . [1] Where
app l icabl e , requirements pertaining to electromagnetic radiation shall be
stated in terms of the environment which the item must accept and the
environmen t which it generates. [3]

Elec tronic Warfare (EW) - The mission capability of Command , Control &
Commun ications systems is continually threatened by the possibility of
electronic countermeasures (ECM) such as spoofing and jamming. Potential
adversaries put a high emphasis on ECM and have a constantly improving
ECM technolo gy base. To be responsive , each Command , Control & 

F

Commun ications system concept must have as littl e potential for ECM
ex p lo i ta ti on as poss ib le , electron ic counter-counter measure (ECCM )
technology base must be vigorous , and incorporat ion of ECCM in to  systems
must be timely. [1]

En 9ineering Change - An alteration in the configuration item or items ,
delivere d , to be d e l i v e r e d , or un der development , a f t e r  f o r m a l
establishment of its configuration identification. [4]

Engineerin g Change Proposal (ECP) - A term which includes both a proposed
eng ineering change and the documentation by which the change is described
and suggested . [4]

Engineer ing Management - The management  of the engineering and technical
effort required to transform a military requirement i nto an operational
system. It includes the system engineering required to define the system
performance parameters and prefered system configuration to satisfy the
requirement , the planning and control of technical program tasks ,
integration of the engineering specialties , and the management of a totally
in tegrated effort of design engineering, specialty engineering, test
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engineering , log i stics engineering , and production engineering to meet
cos t , technical performance and schedule obj~ tives. The engineering
managemen t task of the government program office assures that the techni cal
func tions in the prograiii office are properly planned and imp lemented , and
t ha t the tec hn i cal  f u n c ti ons pe r f o r m e d un der con t rac t  are  ta i lo re d ,
mon it ored , and controlled to best meet the needs of the system or program.
These func tions (together with certain supporting functions) are : Systems
Engineer ing (including Requ i rements Ei~gi neering ), Design Engineering,
Specialty Engineering, Test Enginee ,~~~~ Production Engineerin y, Logistics
~~ji neeriny, Civil En9i neering, Human Factors Eng ineerin g, Configura tion —

Management , fèchnical Data Control , and Technica l Program Planning and
Control. [10)

Engineer i ng Simulat ion - Engineering simulation i s a fu rther refi neme nt of
the scien tific simulation in which the final software design is evaluated
by driving this software with realistic input data generated from
representat ive scenarios. These simulations , execute d on a general pur pose . -

computer , are character i s ti c of the types of tool s needed i n system and
software requirements definition and evaluation. [9] (See also functional
s i mula t ion , discrete event simulation , scientific simulation)

Env i ronmental Conditions - Environments that the systeni or equipment is
expecte d to experience in shipment , s tora ge , serv i ce , an d use. The
followi ng subjects should be considered for coverage: natural environment
(wind , ra i n , temperature , etc.); induced environment (motion , shock , no i se ,
etc.), elec tromagnetic signal environment; shipboard magnetic environment ;
and environmental conditions due to enemy action (over-pressure , blast ,
underwater ex p los i ons , radiation , etc.).

External In terface - (Also called Intra-System Interface). The interfaces
between the system being specified and other systems with which it must be
compatible. [3] (See al so Interface)

Formal Qual ification Tests (FQT) - A formal test cond ucted in accordance
with the Air Force-approved test plans and designed to be a complete and F
comprehens ive test of the CPC I prior to FCA. It is cond ucted after the
design process cul m inates (AFR 80-14, Vol . II). [7]

Full -Sc ale Develppmen t Phase (FSO) - The period when the system/equipment
and the principal items necessary for its support are designed , fabricated ,
tested , an d evaluated. The intended output is , as a m inimum , a
preproduction system which closely approximates the final produc t , the
documenta ti on necessary to enter the prod uct i on phase , and the test results
which demonstrate that the production product w i l l  meet stated
requirements. (AFR 800-2) [1] (see also Acquisition Life Cycle )

Func tion (Functional Requirement Set , Func tional Requirements ) - A function
is a discrete activity within a system. The functional requirement s
represent the total discrete system activities required to achieve a
spec ific objective , th is is most often referred to as the mission
objective. A functional requirement identifies what must be accomplished
withou t identifying any aspect concerning the means such as hardwa re ,
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computer programs , personnel , fac i l iti es , or procedural data. Functional
requ i rements represent a problem statement devoid of any overtones or
specifics regarding real or conceptual sol utions which satisfy any or part
of the needed functions.

Note 1: Functions take on different meanings within the three types of
system documen tation as required by MIL-STD-483 (USAF). Type A
specification functions are defined for the system as a whole as defined
above. Type B5 specifications define CPC I function to include the inputs ,
processing, and outputs. The Computer Program Components (CPCs) of the
Type CS specification may correspond to the functions in the Type B5
s p e c i f i c a t i o n , if the B5 requirements satisfy the computer program
deve loper ’ s design approach. (See [11], para. 4.3. 1 and Appendix A4)

For the purpose of requirements engineering , funct i ons are def i ned to be
the same as Type A Specification functions. In documenting functions in
Type B5 specifications , the associated input s and output s are included .

Note 2: The rev i sed AFR 57-1 provides a slightly different definiti on of a
funct ion: The action for which a system or equipment item is specially
f i tted or used . [13]

Functional Analysis - System functions and sub-functions shall be
progressively ident ified and analyzed as the basis for identifying
al ternatives for meeting system requirements. System functions as used
above include the mission , test , production , dep l oyment , and support
functions. All contractually specified modes of operational usage and
su pport shall be considered in the analysis. System functions and
sub-functions shall be devel oped in an iterative process based on the
results of the m ission analysis , the derived system performance
requirements , an d the synthesis of l ower-level system elements.
Performance requirements shall be established for each function and
sub-func tion identified. When time is critical to a performance
requirement , a time line analysis shall be made. [10] (See al so Systems
Engineering)

Functional Area - A distinct group of system performance requirements
which , together with all other such groupings , forms the next l ower l evel
breakdown of the system on the basis of function. [4] The second level in
the functional hierarchical structure. (See al so System Segment , CI an d
CPC I )

Functional Characterist ics - Qua ntitative performance , operating and
logistic parameters and their respective tolerances. Functional
characteristics include all performance parameters , such as range , speed ,
l e t h a l it y , reliability , ma i n t a i n a b i l i t y , and safety. (DOD Directive
5010.19) [4]

Functional Hierarchical Structure - This form of organization is suited
for structuring system functional requi rements in a logical arrangement of
subordinate discrete activities which must be performed . The functions of
the system are grouped into higher level s of organization representing the
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first possible breakout of the system. Upper-level functions are refined
by the identification of subordinate levels. Each level of the hierarchy
is l imited to six functions or less. (See al so System Segment , Funct i onal
Area , Configura tion Item , Computer Program Configuration I tem)

Funct i onal Performance - The ability of the software to satisfy its mission
requirements as allocated from the System Specification and as
contrac tually specified in the Development Specification. [2)

Funct i onal ReQuirements - see Function

Func tional Simulation - A functional simulation generally consists f a set
of building blacks which functionall y define the basic el ement -~ of the
system such as the senso r models , aircraft dynamics , nav i ga ti on , wea pon
delivery , and the environment. This type of simulation is used to analyze
performance in support of system requirements definition. To support this
analysis activity , the simulation may be utilized to generate mission
scenarios in order to evaluate system performance parameters and tradeoff
studies associated with various system element s, such as the sensors , etc. - F

[9] (See also d iscrete event s i m u l a t i o n , scien ti f i c s imula ti on ,
engineer ing simulation)

Government Furnished Property (GFP) - Contracts may require the use of GFP ,
either as end item desi gn requirement or as a part of the system . In such
cases , a schedule is included in the contract for delivery of the GFP to
the con trac tor at a date perm it t i ng his  e v a l u a t i o n  for servicea bi l ity
before it is needed for installat ion. Eng i neering data on the GFP must be
provided at a date which permits the contractor ’s engineers to incorporate
it , or the i nterface wit h i t , into the design of the system. [1]

Human Engineer ing - Human Engineering is usually a contr-ctor design and
rev iew process that interacts with other processes such as mission
requirements analysis , functional analysis anI requirement allocation , the
development of workspace mockups , equipment detail design , test and
eva lua t ion , etc. (MIL-H-4 6855A app l ies.) The contractor is tasked to
identify and investigate areas where interactions of human performance and
other elements of the system are critical to the system-effectiveness. The
contractor ’s end task is to translate controller/situation , human !
information and man/machine functional interface requirements into human
engineering design c r i t e r ia  for incor porat i on i nto system , equipment ,
software and facility specifications and delivered products. [1] (See F

al so Human Factors Engineering)

Human engineering requirements for the system/item should be described
in specifications and app licable documents (e.g., MIL-STD-1472) inc l uded
by reference. The specifications should al so specify any special or unique
requirements , e.g., constra ints on al l ocation of functions to personnel , F

and commun ications and personnel/equipment interactions. Included , shoul d
be those specified areas , stations , or equipment that require concentrated
human engineering attention due to the sensitivity of the opera ti on or
critical ity of the task , i.e , those areas where the effects of human error
woul d be particularly serious. [3]
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In terfaces between software and the user should be specified in the
Development (Part I) Specification. Input s and outputs should be self
exp lana tory , easy to learn and understand , unamb iguous , and designed to
avoid misinterpretation. [2]

Human Factors En9ineering - This function is a part of the mainstream
eng ineerin g effort throughout the system life cycle. It uses data from ,
and contributes to , the system engineering process in devel oping a best
mix of specification requirements. Its objective is to ensure that the
human component of the system can safely and effectively operate , m a i n t a i n ,
support , and control the system in its intended operational environment .
It is al so concerned with providing engineering data for use in hardware ,
sof tware , or peop le cost-effect ive trade studies , and with developing plans
for training and training equipment (see AFR 800-15). [6] (See also
Engineering Management and Human Engineering )

Imp l ementing Coninand - The command or agency designated by Program Manage—
nment Directive (PMD) as responsible to achieve the program objectives or
program phase objectives establ i shed in the PMD. (Ref: AFR 800-2) [13]

The A ir Force command responsible for the acquisition of the system
(subsystem or i tem). The procuring activity is usually resident within the
Imp l ement ing Command . Program manage ment responsibility normally is
transferred to the designated supporting command according to a
predetermined agreement. Similarly, the responsibil i ty of system operation
and maintenance is turned over to the using comand. [8]

Informa tion Flow - The description of the fl ow of information i nto , within , F

and out of the system . The information flow builds upon the I/O
hierarchical structure by providing a means of analyzing the system as an
i n f o r m a t i o n  p r o c e s s i n g  s y s t e m .  Dur ing  t h i s  a n a l y s i s , t h e  f low
rela tionships between external system inputs and resulting outputs are
identified. This method perm its the various relationships between
associated functions and the internal information necessary to support the
derivation of the output to be identified . The fl ow associations between
system information are described using the information -fl ow rel ationships :
USES , DERIVES , UPDATES , PROVIDES,  and RECEIVES. The informational flow
ind i cates only the relationship between system functions, sy stem
in formation (external and internal system I/O), an d using activities
(organizations , operational units, or posit ions ) and does not imply any
lapse in time or intermediate I/O being used , derived , or updated.

I n i t i a l  Q pe r a t i o n a l  Capability (b C). The first attainment of the
cap~biTT~y to empT~~~ TfectiveTy a weapon , item of equipment , or system of
approved specific characteristics , and which is manned or operated by an
adequately trained , equipped , and supported military unit or force.
(Source: JCS Pub. 1) [13]

I/O Hierarchical Structure - The logical hierarchical description of the
discrete system frij3uts and outputs (external I/O) and the internal infor-
mation requirements necessary for the system ’s operation. The emphasis
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on the I/O structure is to arrange the information requirements into
structures by breaking the information into logical subordinate parts or
simply as groupings of information. The well-organized structure is
effective in communicating the I/O requirements and for identifying mi ssing
I/O requ i rements.

Interface - The functional and physical characteristics required to exist
at a common boundary between two or more equipments/computer programs.
Interfaces between equipment/computer programs provided by different
developing agencies (contractors), or between development items and
government furnished property or external systems , require explicit
documentation. [8] (See al so External Interface and Internal Interface)

Life Cycle Cost (LCC). The total cost of an item or system over its full
life . It includes the cost of acquisition , ownership (operation , mainten-
ance , sup port , etc.) and , where applicable , disposal. To be meaningful , an -

~~~

expression of life cycle cost must be placed in context with the cost
elements i nclude d , period of time covered , assumptions and conditions
appl ied , and whether it is intended as a rel ative comparison or absolute
expression of expected cost effects. (Source: AFR 800-11) [13]

Internal Interface (also cal l ed Inter—System Interface) - The i nterfaces
between and within the system being specified (e.g., between system
segment s, f u n c t i o n a l  areas , configuration items ) [3] (See also Interface)

Life Cycle Cost Analysis - Life Cycle Cost Analysis is performed by the
contractor periodically throughout the acquisition to access the cost of
acquisition and ownership. This effort results in an identification of the
economic consequences of system design alternatives . [10] (See also
Systems Engineering)

Logical Organizat i onal Relationships - Logical organizational rel ationships
are shown by structuring the discrete functions and the information require-
ments (external and internal input/output ) of the system into hierarchical
structures : Functional Hierarchical Structure , and I/O Hierarchical Structure.

Logistics Engineering - This function provides inputs to the systems
eng i neering process in all acquisition phases. In general , these inputs
are the support environment descriptors and constraints. This function
uses the technical data devel oped by the systems engineering process to
refine the support plans , concepts, and requirements for system support in
the dep l oyment phase and in operational utilization. The logistics
engineering function is a part of the mainstream engineering effort to
develop and achieve a supportable and cost-effective system. This function
uses the detailed drawi ngs which are prepared by design engineering to
develop the specific support requirements; that is , to develop such
specific support items as tool s, test equipment , personnel skills , and
maintenance procedures. (For other information concerning logistics
engineering responsibilities , see AFR 800-8 and AFP 800-7.) [6] (See also
Engineering Management)
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Logistics Support Analyses - The contractor is usually tasked to conduct
logistic support analyses lead i ng to the definition of support needs (e.g.,
maintenance equipment , personnel , spares , repair parts , technical orders,
manuals , transportation and handling , etc.). These analyses address all
levels of operations and maintenance and results in requirements for
support . [103 (See al so Systems Engineer i ng )

Maintainabilit y - Closely rel ated and inseparable from Rel i ability is the
specialty , Ma intainability. Maintainability is a characteristic of the
design and installation expressed as the probability that an item will be
restored to a specified condition wi thin a given period of time when the
maintenance is performed using prescribed procedures and resources. (See
al so Rel iability and Availability ) [1] The rev i sed AFR 57-i emphasizes
the following definition: a measure of the time or maintenance resources
needed to keep an i tem operating or restore it to operational (or in the
case of certain munitions , serviceable) status. Maintainability may be
expressed as the time to do maintenance , as the total requ i red manpower, or
as the time to restore a systeiii to operational (or serviceable) status.
(Source: AFR 80-5) [13]

Numerical maintainability requirements shall be stated in such terms as
mean-time-to-repair (MTTR) or maintenance man-hours per flight/operational
hour. Determination of real i stic requirements is necessary. Qualitative
requ i rements for accessibility , modular construc ti on , test points , and
other desi gn requirements niay be specified as requ i red . [3]

Specifications shall specify the quantitative maintainability requirements.
The requ i rements shall app ly to main tenance in the planned maintenance and
support environment and shall be stated in quantitative terms. Examples
are :

a. Time (e.g., mean and maximum downtime , reac ti on t i me , turnaroun d t ime , 
F

mean and maximum times to repair , mean time between maintenance actions).

b. Rate (e.g., ma i ntenance manhours per flying hour , maintenance manhours
per specific maintenance action , operat iona l ready ra te , ma intenance
hours per operating hour , frequency of preven tive maintenance).

c. Ma intenance complexity (e.g., num ber of peopl e and skill levels ,
var iety of support equ i pment).

d. Maintenance action indices (e.g., maintenance costs per operating hour ,
manhours per overhaul). [3]

Maintainability as applied to software is specif ication , design , and
development of code in a manner which facilitates the task of modification
to correct deficiencies and to satisfy new or changing requirements. A
potential source of confusion exists regard i ng subtle dist i nctions between
the hardware and software def inition of maintainability. Hardware
maintenanc e is the restoration of hardware to its ori ginal design , whereas
software maintenance is defined as both error correction and modification
of the original design (both of which imply change rather than restoration)
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Since there is little chance that the usage of either set of definitions
will be discontinued , the procuring agency should bear these differences in
mind when participating in the establishment of maintainability criteria
for the total system. Softwa re maintenance features in terms of growth
requirements may be specified in the Development (Part I) Specification.
Additional features suc h as modularity should be requested in the RFP ,
responded to in the CPDP , and implemented by the contractor in the design ,
and reflected in the Product (Part II) Specification. [2]

Ma intenance Concept. A description of maintenance considerations and
constra ints. A preliminary maintenance concept is developed and submitted
as part of the preliminary operational concept for each alternative
sol ution candidate by the operating command with the assistance of the
imp l ementing and supporting commands. The preliminary maintenance concept
is refined during the demonstration and validation phase to beconie the
system maintenance concept during full scale engineering development
(FSED). During FSED , the system maintenance concept is expanded in scope
and detail and removed from the system operational concept to become the
ma intenance pl an. (Source: AFR 66-14) [13]

Milestone Zero Decision. The program initiation decision by competent
authority that valid mission need exists and alternative solutions should
be systematically and progressively identified and expl ored. Secretary of
Defense approval of the need is required to initiate iajor system
acqu i stion programs. Secretary of the Air Force approval is required to
initiate Air Force designated acquisition programs (AFDAP). HQ USAF
approval by PMD is required to initiate all other acquisition prog rams.
[13]

Mission Area. A segment of the defense mission as estab l i shed by the
Secretary of Defense. (Source: AFR 800-2) [133

Mission Area Analyses. Cont inuous ana l ys i s  of ass igned m iss ion
responsibilities in the several mission areas to identify deficiencies in
the current and projected capabilities to meet essential mission needs and
to identify opportunities for the enhancement of capability through more
effective systems and less costly methods. Missions area analysis should
conform with short , mid , and l ong range planning guidance. The objectives
of mission area analysis are to identif y capability deficiencies and assess
the relative values of operational needs. [13]

Mission Area Plann ing . A continuous FI~ USAF and command planning activit y
which directs and coordinates iii iss ion area anal ysis and uses the product of
that analysis to help make program , budget , mod ification and acquisition ,
force structure , strategy and tactics decis ions. [13]

Mission Element. A segment of a UI~~S S I ~~~1 area critical to the accompl i shment
of the mission area objectives and correspond i ng to a recommendation for a
major system or designated non-major system capability as determ i ned by the
Air Force. (Ref: AFR 800-2) [13]
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Mission Elemen t Nee d Analys i s (MENA) . A mandatory attachment of the SON
which cites the c ommand mission and tasks , documents of the salient results
of the mission analysis w~’ich ident ified the operational deficiency, states
command needs for mission task performance , and provides constraints on
acceptable solutions. [13]

Mission Element Need Statement (MENS). A statement prepared by HQ USAF to
identify and support the need for a new or improved mission capability . It
is normally based on one or more SONs. The niission need may result from a
projected deficiency or obsolescence in ex i sting systems, a technological
opportunity , or an opportunity to reduce operating cost. The MENS is
submitted to the SECD[F or SAF as appropriate for a Mi l estone 0 decision.
(Ref: DOD Directive 5000.2) [13]

Mission Reliability . A measure of the abi li ty of a system to complete its
pl anned mission or function. Mission reliability may be expressed as
Mission Coiiipl etion Success Probability (MCSP), Mean Mission Duration (MMD),
or as Mean Tinie Between Critical Failure (MTBCF) as appropriate. (Source:
AFR 80-5) [13]

Mission Requirements Anal ys i s - Im pac ts of the stated system operational
charac teristics , m i ss i on objec ti ves , threat , env ironmental factors , min imum
acceptable system functional requirenients , techn i cal perfo rmance , and
system figure(s) of merit as sti pulated , proposed , or directed for change
are analysed during the conduct of the contract. These impacts are
exam ined continually for validity , cons istency , desirability , and
attainability with respect to current technology , physical resources , human
performance capab i lities , l if e cyc le  cos ts , or other limitations . The
output of this analysis will either verif y the existing requirements or
devel op new re qu i remen ts wh i ch  are more appropriate for the mission. [10]
(See also Systems Engineering and System Capability requirements)

Opera bility . (Sometime s called System-Effectiveness or System Operational
Effecti veness) - Operability includes system availability and
dependability. Availability incorporates the aspects of reliability and
maintainability , dependability incorporates the aspects of survivability
and vulnerability (Sly). Each of these operability categories may be
influence d by design related issues , policy related impact , or non—
contro l lable factors.

Opera ting Conviand. The comiiiand or agency primarily responsible for the
opera ti onal employment of a system , subsystem or i tem of equipment. The
operating command usually submits the SON. The operating command is a
participating command. (Ref: AFM 11-1 , Vol I) [13]

Operational Concept. A statement about intended employment of forces that
provides guidance for posturing and supporting combat forces. Standards
are specified for deployment , organization , basing , and support from which
detailed resource requirements and imp l ementing programs can be derived .
(Source: (AFM 11— 1 , Vo l I) [133
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influencing the system/equ i pment design. On the other hand , the manpowe r
agency may request program office support in determining the appropria te
manning for a new or complex system. In this case the program office can
task the contractor to perform studies for determining the iiianpower
requi rements. [1]

Phy s i cal Character i sti cs - Quanti tat ive and qual i tat ive expressions of
material features , such as composition , dimensions , finishes , form , fit ,
and their respective tolerances (DOD Directive 5010.19). [4] These
characteristics i n a develo pment , produc t or material specification shall
set forth requirements such as weight limits , dimensional limits , etc.,
necessary to assure physical compatibility with other elements and not
determined by other design and construction features or referenced
drawings. They shall al so include considerations such as transportation and
stora ge requ i rements , security criteria , durability factors , heal th an d
safety criteria , coninand contro l requ i remen ts , and vul nerability factors.
[3] (See also Physical Requirements) - -

Physica l  Re quiremen ts - Physical requirements are those requirements whi ch
constra in or si gnificantly influence the design solution in a physical
manner. The physical constraints include power, physical features (size
and weight), environmental considerations (controlled or natural), human
performance capabilities and limitations (human factors), predeterniined
internal system interfaces (inter-system interfaces) and external system
interfacing (intra-system interfaces), use of existing equipment (off-the
shelf) and Government Furnished Property (GFP), and use of standard parts.
(See also Phys ical Characteristics)

Prel iminary Q ualification Tests (PQT) - A formal test conducted in
accordance with Air Force-approved test plans and designed to be an
inc remental process which provides visibility and control of the computer
program devel opment during the time period between CDR and FQT. A PQT
should be conducted for those functions which are critical to the CPC I (AFR
800—14, Vol. II). [7]

Procuring Activity (Also cal l ed Procuring Agency ) - The co llection of
administrative , nianageiiient and technical expertise which is organized under
a program manager directly responsible for the acquisition of a system.
The term System Program Office (SPO) is used i n the Electron i c Sys tems
Division (ESD) of AFSC to designate a procuring activity responsible for a
large system acquisition. [8] (See also Program Office and Implementing
Command)

Production Eng ineering - This function uses the technical data developed
through the systems engineering process to develop the plans and procedures
for tooling, materials , quality assurance , and manufacturing. The
production engineering function is a part of the mainstream engineering
effort to develop and achieve producible and cost -effective design
solutions. (For other information concerning production engineering
responsibilities , see AER 800-9 ) [6] (See also Engineering Management)
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Production Engineering Analysis - Production engineering analysis is an
integral part of the system engineering process. It includes producibility
analyses , production engineering input s to system effectiveness , trade-off
stu dies , and life cycle cost analyses and the consideration of the
material s, tool s, test equipment , facilities , personnel , and procedures
which support manufacturing in RDT&E and production . Critical or special
producibi lity requirements are identified as early as possibl e and are an
in put to the program risk analysis. Where critical or special production
engi neer i ng requ i rements limi t the des ig n, these requirements are included
in applicable specifications. Long l ead time i tems , material  l i m i t a t i o n s ,
transition from development to production , special processes , and
manufacturing limitations are considered and documented during the system
engineering process. The contractor identifies and takes necessary steps - -

to reduce high—risk manufacturing areas as early as possible. [10] (See
al so Systems Engineering)

Production Phase - The period from production approval until the last
system/ equipment is delivered and accepted. The objective is to
effic iently produce and deliver effective and supportable systems to the
operating units. It includes the production and deployment of all
princi pal and support equipment. (AFR 800-20 [1])

Product Specification - A document or series of documents which contain the
detailed technical description of the CPC I as designed and coded. It is a
compl ete description of all routines , limits , t im ing , fl ow , and data base
characteristics of the computer program , limits , timing , flow , and data
coded instructions. Equivalent to “Part II CPC I specification ” or °Type C5
Specification ” . [7] (See al so Type C Specification and Snecifications)

Program Management D i rective (PMD) - The official HQ USAF management
directive used to provide direction to the impl ementing and participat ing
commands and satisfy documentation requirements . It will be used during
the entire acquisition cycle to state requ i rements and request studies as
well as i n it ia te , a pprove , change , transition , modify or terminate programs.
The con ten t of the PMD , incl uding the required HQ USAF rev i ew and approval
actions , is tailored to the needs of each individual program. (AFR 800—2)
[1]

Program Management Pl a n  (PMP) - The document devel oped and issued by the
Program Manager which shows the integrated time-phased tasks and resources
required to complete the task specifi ed in the PMD. It defines the support
requ i red from all participating organizations , is tailored to the needs of
each individual program , and contains only that information deemed
necessary by the program manager. (AFR 800—2) [1]

Program Office (PU) - The field office organized by the program manager to
assist him in accomplishing the program tasks. (AFR 800—2) (See also
Procuring Activity ) [1]

PROVIDES - This rel ationship indicates that a using activity is the source
of the external output . (See also Information Flow)
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Quality Requirements. The term ‘ quality requirements ’ denotes system
requirements which are com pl ete , consis tent , testable , and traceable. This
charac teristic is the result of the requireme nts being discretely
identified and well-organized. (see also Requirements Eng i neering)

RECEIVES - This relationship indicates that a using acti vity is the
recipient of the external output. (See also Information Flow)

Reliability - As defined in AF Regulation 80-5 , Reliabi l ity and
Maintainability Programs for Systems , Sybsystems , Equi pment , and Munitions ,
Rel i ability is the probability that a part , components , subassembl y,
assembly, subsystem or system will perfonii for a specified interval under
stated conditions with no malfunct ion or degradations that require
corrective maintenance actions . Hardwa re reliability may also be expressed
in terms such as Mean Time Between Failure (MTBF) or Mean Time Between
Maintenance Action. [1]

Reliability requirements shall be stated numerically with confidence
level s, as appropriate , in terms of mission success or hardware mean time
between failures Initiall y, reliability may be stated as a goal and a
l ower m inimum acceptable requirement. During contract definition , or
equ ivalent period , real istic requirements shall be determined and
incorporated in the specification with requirements for demonstration.
Relia bility requirements shall never be stated as a goal in Type C
(product) specifications. [3]

Reliability is a difficult and perhaps inappropriate term when applied to
software because this item has an entirel y different meaning for hardware .
Since a computer program never wears out it is virtually impossible to
pred ict or analyze failure rates. Any failure of the computer program is a
latent design deficiency and its occurrence cannot be adequately predicted .
In this respect a computer program cannot be designed for reliabilit y and
cannot be tested or evaluated for re l iabi l i ty. Rel iabi l i ty  should not
apply to computer programs as end items althou gh the computer program s may
be used to enhance system rel iabi l i ty. [2] (See also Avai labi l i ty  and
Maintainability )

Required Operational Capability (ROC) - The ROC identifies the need for a
new or im proved operational capability . The formal numbered document used
under previous editions of AFR 57-1 , (27 Nov 1963 through 31 Aug 1977) to
identify an operational need and to request a new or improved capab ility
for the operating fo rces. [13] Once the ROC is val idated by HQs USAF ,
the PHD, which authorizes AFSC to establish a Program Office cadre , is
issued . [2]

ReQui rements Allocation - Each function and sub- function shall be allocated
a set of constraint requ i rements. These requirements shall be derived
concurrently w i th  the development of funct ions , t ime~- l i ne  anal yses ,
synthesis of system design , and evaluat ion performed through trade-off
studies and system! cost effectiveness analysis. Time requirements which
are prerequisites for a function or set of functions affecting mission
succ ess , safety , and availability shall be derived . The derived
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re qui remen t s sha l l  be s t a ted i n su f f i c i en t de ta i l for a l l o c a t i o n  to
har dware , computer programs , procedural data , facilities , and personnel .
When necessary , special skills or peculiar requirements will be identified .
Al l ocated requirements shall be traceabl e through the analysis by whi ch
they were derived to the systeni requirement they are designed to fulfill.
[10] (See al so Systems Engineering)

Re qu i remen ts Ana l ys i s — (See Requirements Engineering)

Requirements Def ini t ion - (See Requirements Engineering)

Requirements Engineering - An iterative process of defining the system
requirements and analyzing the integrity of the requirements. This process
i nvo lves  a l l  areas of system deve lo pmen t prec edi ng the actual des ig n of the
system. The products of the requirements engineering process can be
evalua ted for com p le teness , cons istency , testability , and traceability.
The essen ti al goal of requ i remen ts en gi neer i ng is to thoroughly evaluate
the needs which the system must satisfy . (See also Engineering Management )

Req ui remen t Types - See System Re qu i remen ts

Re qu i remen ts Traceab i l ity - See Traceabi l i ty

S a f e ty  - Re qu i remen ts for system safe ty are descr ib ed to precl ude or l imit
hazard to personnel , equipment , or both. To the extent practicabl e , these
requirements are imposed by citing establ i shed and recognized standards.
L i m it i n g safe ty charac ter is ti cs pecul i ar to the i tem due to hazar ds i n
assembly, disassembly, test , transport , storage , operation or maintenance
are state d when covere d ne it her by stan dar d industrial or service practices
nor  t he sys tem s pec i f i ca ti on.  “Fa il-safe ” an d emer gency o pera ti ng
restrictions are included when applicabl e. These include interlocks and
emergency and standby circuits required either to prevent injury or provide
for recovery of the item in the event of failure. [3] (See also System
Safety)

Scien t if i c S i mula ti on — Sc ien t i f i c  s imula t i on i s the pr imar y s imula ti on
used in detailed computer program requirements definition and algorithm
design. Scientific simulati on consists of a functional simulation (for
exam p le , FOR TRAN vers ion) of the proposed end-item software, i nterface d
with simulations representing sensor and environmental models. Such a
sc ientific simulation allows the study of the major end—item software, and
provides further information to be used for system performance evaluation.
[9] (See functional simulation , d’sc rete event simulation , en gi neer i ng
~imu l ation )

Segment - (See System Segment)

S imulation - See Functional Simulation , Discrete Even t Simulation ,
Scientific Simulation , Engineering Simulation.

Sof tware - Sof tware  denotes computer programs and computer data. A
computer program is a series of instructions or statements in a form
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accept able to a computer , desi gned to cause the computer to execute an
operation or operations. Computer programs include operating systems ,
assemblers , compilers , interpreters , data lid i utenan ce/diagnost ic programs .
as well as applications programs such as pay r o l l , inventory control ,
operational flight , strategic , tactical automatic test , c rew simula tor , and
engineering analys is. Computer programs may be either machine —dependent or
machine - i ndependent , and may be general-purpose in nature or be designed to
satisfy the requirements of a specialized process or particular users.
Computer data is a collection of data in a form capable of being processed
and operated on by a computer , such as a data base , or analog or di g i ta)
inputs to a computer program that are necessary for its operation. [2],
[8] (See also Computer Program)

Syecia1it~~L njjjieer in~ - This term refers to the engineering efforts
of reliability , maintain a bil i ty, safety , survivability , vulnerability ,
co r ros i on p reven t i on , structural integrity , etc. These engineering
functions are part of the mainstream engineering ef for t  to develop a best
mix of specification requirements and achieve cost -e ffective design
solutions. [ ]  (See also Ing in ee r ing Management)

~p~çi ficat ion (See also Systems Lng ineer in g ) - A document intended
primarily ror use in procurement , wh ich clearly and accurately describes
the essential technical requ i rements for items , materials or services
including the procedures by which it w i l l  be determined that the
requirements have been wet. (DOD Direct ive 4 120.3) [4] MIL-STD-490 and
MIL—S TD—4 53 Spec it I cat ion types are:

~~~teni s~e ifica tion . A doc ument which states the technical and
missf~n requirements for a system as an entity , al loc a tes requ i remen t s
to functio n al areas (or confi guration items), and defines the
interfaces between or among the functional areas. (See al so Type A )
[4]

Develop!~~nt spe cificat ion. A docuiiient applic able to an item below the
System 1ev~T whJc~i~s ta te s perfo rmance , interface , and other technica l
requirements in sufficient detail to permit desi9n , engineering for
Serv i ce use , and evaluation. (see also Type B) [4]

roduct sj)Oc if ic a t ion . A document app i icabl e tO a produc t. ion i tem
ow t hc’ sy s tern level wh i c h states tern cha rac tori St c s in a ma nner

it able for proc uremeri t , production and accept. anc e. (See al so
~~~~~ ‘~~‘ C) [4]

I ) 
~ I ( ’~~~1i t i ona I Need (SON). A fonua 1 numbered doc ument used to

I, , ji~ o. ~~~~~ onal de ficiency and state the need for a new or improved
.t~ l i t - , ‘ r - - ~AI t r. os . Operational need s are ba sod on short- term and

“ ~. , ib 1 l i t  , ob i ec t i yes and may result from a proj ected deficiency
~‘ in t’~ i ‘.t I nq capabilities , a technolo g ical opportun i ty , or

- ‘ 0 r~,dl (e oper at ny/Support cost. It usuall y bey ins
4t, ,s ’ Ill i t  and is normally followed by the conceptual

• , r -  .i~ 
- I I  I

~~
T i at e phase may foil ow. Sat i sty i ng a SON wi 11

oiib i n a t i o n  o f r esea rc h , d (‘vol o pwen t , t 0 St  ,
.U ~I4 ‘ s i t ion t~ t t oc t s that . w i l l  enhance USA F t orut ’s
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Suppor~~~ Command - A command providing direct support to a system or test
program. Examples include the Air Force Logisti cs Command (AFLC ) and the
A~r T rain in g Command (ATE). See also iiii p le in ent ing command and using
command . [8] The revised AFR 57-1 provides the followi ng definition: The
command assigned responsibility for providing log i stics suppo rt ; it assumes
program manage m ent responsibilty from the implementing command. The
suppo rting command is a pa rtici pating command. (Ref: AFR 800—2 ) [13]

Synthesis - Sufficient preliminary design is accomplished to conf irm and
assure completeness of the performance and design requirements allocated
for detail design. The performance , configura ti on , an d arran gemen t of a
chosen sys tem and it s elemen ts and the techni que for their test , support ,
and operation are portrayed in a suitable form such as a set of schematic
diagrams , phys i cal and ma thema ti cal models , com puter s imu la ti ons , l ayou ts ,
detailed drawi ngs , and similar engineering graphics. These portrayals
shall illustrate intra — and inter—s ystem and item interfaces , permit
traceability between the elements at various levels of system detail , and
provide means for comp le te and comprehensive change control. This
portrayal is the basic source of data for developing, updating, and
completing (a) the system , configuration item , an d critical item
specifications , (b) interfacing control documentation ; (c) consolidated
facility requirements ; (d) content of procedural handbooks , p lacar ds, and
similar fo rms of instructional data; (e) task l oading of personnel ; (f)
operational computer programs ; (g) specification trees; and (h) dependent
elements of work breakdown structures. [10] (See) al so Systems Engineering)

System — A composite of i tems , assem bli es (or sets), skills , and techniques
capable of performing and/or support ing an operational (or non-operational )
role. A compl ete system includes related facilities , item s, ma ter i al ,
services , and personnel required for its operation to the degree that it
can be considered a se’f-sufficient i tem in its i ntended operational (or
non-operational) and/or support environment. (AFR 65-3) [1],[8],[4]

System Acquisition Process. A sequence of specified decision events and
phases of activity direct ed to achievement of established p ro g ram
objectives in the acquisition of Defense systems and extendin g from
approval of a mission need through successful dep l oyment of the Defense
system or termination of the program. (Source: AFR 800—2) [13]

Sys tem/Ac qu i s iti on L if e Cycl e  - N o r m a l l y, it cons i st s of f i v e  phases
(Conce ptudi , Validation , Full -Sca le Devel opment , Pro d uc t ion , and
Deployment ) with key decision points between each of the first three phases
(Program , Ratification , and Production Decisions ). A program may skip a
phase or have program elements in any or all other phases. (See AFR 800-2
and AFSCP 800-3) (See al so Acquisition Life Cycle) [1]

System Capability Requ i rements - The mission oriented needs which the
system must perform to satisfy the requ i renients of the using agency. (See
also Mission Requirement s Anal ysis )

System/Cost Effectiveness Analysis - A continuing system/cost effectiveness
analysis insures that engineering decisions , resul ti ng from the rev i ew of
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alternatives , are made only after considering their impact on system
effectiveness and cost of acquisition and ownership. The contractor is
taske d to id en ti fy al terna ti ves wh i ch woul d prov id e s i gn i f i cant ly  di fferen t
system effectiveness or costs than those based upon contract requirements.
[10]

~Lstem Design Concept. An idea expressed in terms of general performance ,
capabilities , and characteristics of hardware and software oriented either
to opera te or to be operate d as an i ntegral whole in meet ing a miss ion
need. (Source: 0MB Circular A-109) [13]

Systems Engineering - The application of scientific and engineering efforts
to transform an operational need or statement of deficiency into a
description of system requirements and a preferred system configuration
that has been optimized from a life cycle cost viewpoint. The process of
systems engineering has three principal el ements: functional analysis ,
synthesis; and trade studies or cost-effectivess optimi zation. The process :

1

uses a sequential and iterative methodol ogy to reach cost-effectivess
solutions. The technical information devel oped in this process is used to
plan and integrate the engineering effort for the system as a whole , during
the definition , design , test and evalution , production , deployment ,
support , and modification of a system or equipment item. (AFR 800-3) [1]
(See also Engineering Management )

System engineering for the total system or a functional area (system
el ement or segment) is normally vested in a single contractor or Government
agency. System engineering as it rel ates to conf igurat i on management , is
the appl ication of scientific and engineering efforts to transform an
operational need into a description of system performance parameters and a
system configuration must be ultimately called out in the CI
specifications. In this way , the system engineering agency or contractor
generates requ i rements for configurations which will satisfy the
operational need , constrained technical ly only by the content of the system
specification. The system engineering agency or contractor is responsible
for assessing the impact of changes to CI spec i fications or to the system
specification. This includes modifications to operational systems. (See
MIL-STD-490 for system engineering criteria.) [1]

The followi ng typical tasks are conducted (as appropriate) in performing
system engineering ( see separate definitions for each):

Mission Requirements Analysis
Functional Analysis
Requirements Al l ocation
Synthesis
Logistics Support Analysis
Life Cycle Cost Analysis
Trade-Off Studies
Production Eng i neering Analysis
Specifications [10]
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System Engineering Management Plan çSEM~J - A contractor ’ s proposal
describing this approach to system engineer~ng management to be appl ied in
a specific acquisition contract. The SEMP normally consists of three major
parts: (1) System Engineering , (2) Technical program planning and control ,
and (3) Engineering integration. (MIL-STD -499A) [3,5,8]

System Flow Relationships - System fl ow relationships can be shown be
organizing the discrete requirements in terms of control flow and
i nformation flow.

Sys tem Re qu i rements - System Functions and Constraints

System Safety - Defined by MJL-STD-882 to be the optimum degree of safety
within the limits of operational effectiveness , t ime and cost , atta i ned
through specific application of system safety management and engineering
pr i nciples throughout all phases of a system ’s life cycle. It is very
important to realize that system safety is concerned with the safety of
both personnel and equipment. The applica tion of this disc i pline to ensure
the preservat i on of equ ip men t i mmed ia tely ex pan ds its scope beyond that of
the traditional safety field , and establ ishes it as an engineering area.
As impl i ed above , the basic guidance document for system safety is MIL-STD-
882, System Safety Program for Systems and Associated Subsystems and
Equipment : Requirements for. This is a very broad document and must be
tailored to fit the individual program. The other basic document is AFR
127—8, Responsibilities for USAF System Safety Engineering Programs , and
the AFSC su pplement thereto. This giv es specific requirements to be
applied to most programs. [1] (See also Safety)

Systems Operational Concept (SOC ) - A formal document that describes the
intended purpose , empl oyment , depl oyment , and support of a system. It
ass ists in identifying the variables associated with satisfying the
operational need and provides initial guidance to operating forces for
employ ing the new or improved system. It provides information for
posturing combat forces and specifi es standards for deployment ,
organiza t ion , basing and support from which detailed resource requirements
and impl ementing programs can be derived . It must be compatible with long
range A i r Force go a l s  and objec t i ve s  and consistent with Air Force
strategy , force structure , concepts for the future employment of aerospace
fo rces , and curren t and emerging doctrin. Prior to FSED , it contains as
an i ntegral par t , the main tenance concept prepared per AFR 66-14. [13]

System Segment - A discrete package of system performance requirements ,
functional interfaces and configuration items allocated to one devel oping
agency directly responsible to the procuring activity for that part of the
system ’s total performance. The terni “system segment ” can be synonymous
with subsystem ” or “ funct i onal area ’; however , it need not be, and can
include part or all of more than one subsystem or functional area if all
are the responsibility of the same agency. [8] The first level in the
funct ional hierarchical structure. (See also Functional Area , CI , and
CPC I , Type A — System Specification)
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System Segment Specif ication - A specification similar in format to a
system specif ication (Type A format) , identifying a disc rete package of
system performance requirements , functional interfaces , and Cis contracted
to one con t rac tor or ass i gned to one Government organization directly
responsible to the procuring activity for that part of a system ’s total
performance. [5] (See System Segment , Type A - System Specification)

System Specification - A document which states all the necessary technical
and mission requ i rements in terms of performance , al l ocates requirements to
functional areas (or configuration items), defines the interfaces between
or amon g the func ti onal areas (or configuration itenis), and includes the
test provisions to assure the achievenient of all requirements. [73 (See
also Type A - System Specification)

System Training Concept. A document summarizing ATC training pol i cy based
on review of user ’s requirements and planning factors as refl ected in the
SON and system operational concept and updates. Outlines conceptual
guidance on T&E and deployment training plann ing efforts. It forms the
basis for future training planning actions which are documented in the
System Training Plan.

Surviva bility/Vulnerability (Sly) — Survivability is the capability of a
system to accompl i sh its mission despite a man-made hostile environment.
The USAF policy is that each system will have enough designed — in hardness
and will be operated in a manner so that sufficient numbers will survive
the expected threat.

There are direc t nuclear and nonnuclear threats to virtually every Command ,
Control & Communications system , and there is a severe nuclear threat
to the atmosphere and ionosphere , the propagation med i um for radars and
radio communications. Within the nuc l ear harden i ng area itself , there
are several specialized disc i plines. So although i t  is  not d i f f i cu l t  to
understand the fundamentals of vulnerability and hardening , implementation
of a sound survivability program usually requires a number of different
special ists.

S/V is important in all phases of a system ’ s life cycle , from concept
through operations. Key milestones include the threat study , hardness
specification , hardness verification (incl uding testing), and hardness
maintenance. The regulations do provide a formal  mechan i sm for
establishing survivability criteria , through the Nuclear Criteria Group and
the Nonnuclear Survivability Technology Work i ng Group. Mission Hardness
design and verification must documented in such a way tha t AFLC an d the
operating command can readily maintain system hardness throughout its life ,
and evaluate the impacts of a chang ing threat.

• Virtually every Command , Control and Communications system must be
protected front the effei:ts of electromagnetic pulse (EMP), a broad area
nuclear effect. This can be done with sound state-of-the-art electrical
engineering. Beyond EMP , hardening becomes very threat specific. [1]
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Technical Data Contro l - This term refers to logging and managing the
technical information which is devel oped by various engineering functions.
(For other information concerning technical data control responsibilities ,
see AFR 310-1.) [6] (See al so Engineering Management )

Techn ical Program Planning and Control - This term refers to the process of
planning , moni toring , measur ing , evaluat ing , direc ting , and replanning the
managemen t of the technical program . This process is carried out through
such tasks as making risk analyses , developing an d updating the work
breakdown struc ture , accom plish ing technical performance measurement ,
conducting technical reviews , performing change studies , and pl ann i ng an d
impl ementing changes. [6] (See also Engineering Management)

Test. Any program or procedure which is designed to obtain , verify , or
prov i de data for the evaluation of: research and development (other than
laboratory experiments); progress in accomplishing development objectives;
or performance and operational capability of systems , su b systems ,
com ponents , and equi pment i tems. [13]

Test Engineering - This function uses the technical data developed through
the systems eng ineering process to devel op test plans. These plans outline
the test procedures and test requirements that are to be used to test
the design solutions. (For other information concerning test planning, see
AFR 80-14.) [6] (See al so Engineering Management )

• Test Requ i rements - The program office initiates the test pl anning process
during the Conceptual Phase by preparing a Test and Eval uation Master
Plan (TEMP). During the Validation Phase the contractor(s) initiate
detailed test pl anning rel ative to hardware and computer program end-items
(Cis and CPCIs). These test plans and procedures are submitted to the
governmen t for rev i ew and approval ; the approved pl ans and procedures are
the basis for subsystem and system testing. In order to test system
requirements , a unique test must be associated with the appropriate
end-item which incorporates requirement(s) to be tested . For those
requirements which are inherent in a col l ection of end-items , the test of a
requirement will be realized during system testing. Critical system
requirements should be linked to unique end- i tems and be traceable to the
ori g inal requirements as described in the MIL-STD—490 Type A and B
specifications. Section 4 (MIL-STD-490 /483 Type A and B Specifications ,
Quality Assurance Provisions) identifies the specific requirements for
formal test and verification of the system (Type A) and subsequently its
end-items (Type B). These test and verification requirements identify what
specific system requ i rements (Section 3 of the specification) must be
satisfied. Test requirements , therefore , identify the functional ,
performance , physical , operability , and design requirements which will be
evaluated during system integration and test.

Test & Evaluation Master Plan (TEMP) - The TEMP i s  an overall plan which
identifies and integrates the efforts and schedules of all test and check—
out activities to be accomplished in the system development program.
[7]
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Traceability - (Requirements Traceabilit y , Requirements Traceability
Relationships) During the requirements engineerin9 activit ies , sources of
requirements (source documents) are referenced for each requirement
identified. These source references provide the means of trac i ng the
requirements from one set of system requirements documentation to the
al located requirement s contained in the next level of system documentation ,
such as from a Type A to Type B speci f icat ion.  Sources for each
requirement can al so be maintained for pertinent studies , analyses , and
plans: PMD , PMP , system sizing and timing studies , prototyping,
simulations , test plans and procedures , and the like. The requirements and
associated sources provide the means of verifying the requirements during
the requirements engineering process and i nto l ater phases of the system
acquisition by providing a repository of information on the system
defi nition.

Software traceability refers to the capability to fol low specific mission
requi rements through the various levels of spec ification to the actual
code ; and the capabilities to associate each area of code with a specified
requirement. [2]

Trade-off Studies - Desirable and practical trade-offs among stated
operational needs , engineering design , program schedule and budget ,
producibility , supportability , and life cycle costs, as appropriate , are
continually identified and assessed. Trade-off studies are accompl i shed at
the various levels of functional or system detail or as speci f ica l ly
designated to support the decision needs of the system engineeri ng process.
Trade-off studies , resul ts  and support i ng rationale are documented in a
fo rm consistent with the impact of the study upon program and technical
requirements. [10] (See al so Systems Engineering)

Training Equipment - All types of maintenance and operator’s training
hardware , devices , visual /audio training aids and related software which
(a) are used to train maintenance and operator personnel by depicting ,
simulating or portraying the operational or maintenance characteristics of
an item , system or facility , an d (b) mus t , by their nature , be kept
consistent in design , construction and configuration with such items in
order to provide required training capability .

T r a n spo r t a b i l i ty  - Any special requirements for transportability and
material s handling shall be spec ified. The specifications shall include
requirements for transportability which are common to all system equipment
to permit employment , depl oyment , and logis t ic  support. Al l  system • 

-

el ements that , due to operational or functional characteristics , will be
unsuitable for normal transportation methods , shall be identified . [3]

Two— par t  Spe c i f i c a t i o n s  - Two—part specifications , which combine both
development (performance) and product fabrication (detail design)
speci fications under a single specification number as procuring activity
option. This practice requires both parts for a compl ete definition of
both peformance requirements and detailed design requirements governing
fabrication. Under this practice , the devel opment specification remains
alive during the life of the i tem as the compl ete statement of performance
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requ i rements. Proposed design changes must be evaluated against both the
product fabrication and the development parts of the specification. To
emphasize the fact that two parts exist , both parts shall be identified by
the same specification number and each part shall be further identified as
Part I or Part II , as appropriate. [3]

Type A - System specification (also Segment Specification). This type of
specification states the technical and mission requirement s for a system as
an entity , allocates requirements to functional areas, and defines the
interfaces between or among the functional areas. Normal ly, the initial
version of a system specification is based on parameters developed during
the concept formulation period or an exploratory preliminary design period
of feasibility studies and analyses. This specification (initial version)
is used to establish the general nature of the system that is to be further
defined during a contract definition , devel opmen t , or contract des ig n
period. The system spec i fication is maintained current during the contract
definition , devel opment , or equivalent period , culminating in a revision
that forms the future performance base for the devel opment and production
of the prime i tems and subsystems (configuration items), the performance of
such i tems being al l ocated from the system performance requirements (see
MIL-STD-490 , A ppendix I for outline of form). [3] (See also System
Specifications , System Segment Specification)

Type B - Devel opment specifications. Development specifications state the
requirements for the design or engineering devel opment of a product during
the development period . Each development specification shall be in suffi-
cient detail to describe effectively the performance characteristics that
each configuration item is to achieve when a devel opet.~ item is to evolve
into a detail design for production. The devel opment specification should

• be mainta ined current during production when it is desired to retain a
com p le te sta tement of performance requirements. Since the breakdown of a
system into its elements involves i tems of various degrees of compl exity
which are subject to different engineering disc i pl i nes or specification
con ten t , it is desirable to classify development specifications by
sub-types. [3] (See also Two-part Specifications , Development

• Specification and Specifications)

Type B5 - Computer program devel opment specification . (See MIL—STD-490,
Appendix VI for outline of form.) This type of specification is applicable
to the development of computer programs , and shall describe in operational,
functional , and mathematical language all of the requ i rements necessary to
design and verify the requIred computer program in terms of performance
criteria. The specification shall provide the logica l , detailed
descriptions of performance requ i rements of a computer program and the
tests required to assure development of a computer program satisfactory for
the intended use. [3] (See also Two-part spec ifications , Development
Spec ifications , and Specif ications)

type C - Product specifications. Product specifications are applicable to
any item bel ow the system level , and may be oriented toward procurement of
a product through specification of primarily function (perfo rmance)
requirements or primarily fabrication (detailed design) requirements.
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Sub-types of product speci f icat ions to cover equipments of var ious
complexi t ies or requiring different outlines of form are covered in
MIL-STD—490, paragraphs 3.1.3.3.1 through 3.1.3.3.5 [3]

A product function specification states (1) the complete performance
requirements of the product for the intended use , and (2)  necessary
interface and interchangeability characteristics. It covers fo rm , f i t ,
and function. Compl ete performance requirements include all essential
functional requirements under service environmental conditions or under
condit ions simulat ing the service environment. Quality assu rance
provisions incl ude one or more of the followi ng inspections : qualification
eval uation preproduction , periodic production , and quality conformance.

A product fabrication specification will no rm ally be prepared when both
devel opment and production of the item are procured. In those cases where
a development specification (Type B) has been prepared , speci fic reference
to the document containing the performance requirements for the item shal l
be made in the product fabrication specification. These specifications
shall state : (1) a detailed descri ption of the parts and assemblies of the
product , usually by prescribing compliance with a set of drawi ngs , and (2)
those performan’ ~ requirements and corresponding tests and inspections
necessary to assure proper fabr icat ion , adj ustment , and assembly
techniques. Tests normally are limited to acceptance tests in the shop
environment. Selected performance requ i rements in the normal shop or test
area environment and ve r i f y ing  test  therefore may be inc luded .
Preproduction or periodic test s to be performed on a sampl ing basis and
requiring service , or other , environment may reference the associated ‘I

devel opment specification. Product fabrication speci fications may be
prepared as Part II or a two-par t  s p e c i f i c a t i o n  (see Two-par t
S p e c i f i c a t i o n s , Product Speci f icat ion and Speci f icat ions )  when the
procuring activity desires a close rel ationship between the performance and
fabrication requirements. [3]

T ype CS - Computer program product speci f icat ion.  (See MIL-STD-490 ,
Appendix XIII for outline of form. ) A Type C5 specification is applicable
to the production of computer programs and specifies their impl ementing
media , i.e. punch tape , magnetic tape , disc , drum , etc . It does not cover
the detailed requirements for material or manufacture of the impl ementing
medium. When two-part specifications (See Two- part Specification) are used
Type B5 ~.~all form Part I and Type C5 shall form Part II. Specifications
of this type shall provide a translation of the performance requirements
into programming terminology and quality assurance procedures necessary to
assure production of a satisfactory program. [3] (See also Product
Specification and S pecifications )

UPDATES — This rel ationship indicates that a function on the path updates
internal system information as part of its activit ies. (See also Informa-
ti on Flow)

USES - This relat ionship indicates that a function on the path uses
external information (external input) or internal system information
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(internal input ) in order to accomp lish its activi ties. (See alsoInformat ion Flow)

Us ing Comand (Al so called Using Agency and Using Activity ) — The command
primarily responsible for operational empl oyment of a system. (See also
Implementing Command and Support i ng Command) [8]

UTILIZES - This rel ationship indicates that function on a path is dependent
upon the use of one or more other functions in order to accompl i sh its
activities. A single function or sequence of functions may be def ined
once and utili zed as frequently as necessary in the control fl ow wi thout
hav ing to be redefined (replicated) for each use. (See also ControlFlow).

Validation — Comprises those evaluation , i ntegration , and test activities
carried out at the system level to ensure that the system being developedsat is f ies  the requirement s of the system spec i f icat i on.  Whi le  thevalid atio n process has significant software implica tions , a software
validation process, distinct from the system valid ation process, cannot be
isolated since all evalu ation and test activities that make up valid ation
are focused at the system level . [7],[2]

Validati on Phase - The period when major program characteristi cs are
refined through extensive study and analyses, hardware devel opment , test
and evaluations. The objective is to validate the choice of alternatives
and to provid e the basis for determining whether or not to proceed into p

Full-Scale Develo pment. (See AFR 800-2 and AFSCP 800-3) [1] (see also
Acquisition Life Cycle )

Verific ation - The i terat i ve process of determining whether the product of
each step of the Computer Program Configuration Item ( CPCI ) development
process fu l lfills all of the requirements levied by the previous step.
[7],[2]

Work Breakdown Structure (WBS) - A work breakdown structure is a product—
oriented family tree composed of hardware , software, services , and other
work tasks which result from project engineerin g efforts during thedevel opment an d production of a defense material i tem and which compl etelydefines the proj ect /program. A WBS displ ays and defines the product(s) tobe developed or produced and relates the elements of work to be
accom pli shed to each other and to the end product. (MIL-STD-881 ,
MIL-STD—480) [1]
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LIST OF ABBREV iATIONS

Abbreviation Definition

ADP Au tomated Data Processing
AF A i r Forc e
AFR A i r Forc e Regula t i ons
AFSC Air Force System s Command or Air Forc e Specialty Codes
AFSCM Air Force Systems Command Manual
CADSAT Computer-Aided Design and Speci fication Analysis Tool
CDRL Contract Data Requirements L’st
C3 Comman d , Control , and Communications
CI Conf ig ura t ion  I tem
CPC Com puter Pro g ram Com ponent
CPC I Computer Program Configuration Item
CPDP Computer Program Development Plan
DCP Dec i s i on Coor di na ti ng Paper
DID Data Item Descript ion
DoD Department of Defense (al so DOD)
DODD Departmen t of Defense Directive
DOD! Department of Defense Instruc tion
DSARC Defense Systems Ac quisition Review Council
DT&E Devel opment Test and Eval uation
ECM Electron ic Countermeasures
ECCM Elec tronic Counter—Countermeasures
ECP Eng i neer i ng Chan ge Pro posal
EMC Electromagnetic Compatibility
EMP Electromagnet i c Pulse
ESD Electron ic Systems Division
EW Electron ic Warfare
FORTRAN Formula Translation (an HOL )
FOT&E Follow-on Operational Test and Evaluation
FQR Formal Qual ification Review
FQT Formal Q u a l i f i ca ti on Test
FSD Full-Sca le Develo pment
GFP Governmen t-Furnished Property
HOL H i gher Order Languag e
HQ Hea dquar ters
I/O System External and Internal Input s and Outputs
IOT&E Ini tial Operational Test and Evaluation
MIL-STD Military Standard
MTBF Mean-Time-Between-Fa il ure
MTBM Mean-Time-Between-Maintenance
MTTR Mean-Time-To-Repair
3&M Operations and Maintenance
OSD Off ice of the Secretary of Defense
OT&E Operational Test and Evaluation
PMD Program Management Directive
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LI ST OF ABBREVIATION S (con t’d)

Abbreviation Definition

PMP Program Management Pl an
P0 Program Office (see al so SPO)
PQT Preliminary Qualification Test
PSL/PSA Probl em Statement Language/Problem Statement Analyzer
QA Quality Assurance
RADC Rome Air Development Center
R&D Research and Devel opment
RFP Request for Proposal
ROC Required Operational Capability
SEMP System Engineering Management Pl an
SE/ID System Engineering/Technical Direction
SOC Systems of Operational Concept
SON System Operational Need
SOW Statement of Work
SPO System Program Office (see al so P0)
SS System Spec ification
S/V Survivability/Vulnerability
TEMP Test & Eval uation Master Plan
TR Tec hn ica l Repor t
USAF United States Air Force
WBS Work Breakdown Structure
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